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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
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Introduction

This International Standard defines a metamodel (defined using MOF), a set of interfaces (defined

using ODP IDL (ITU-T Recommendation X.920 (1997) | ISO/IEC 14750:1999), that can be used to define and

manipulate a set of interoperable metamodels and their corresponding models. It also defines the
mapping frpm 0 rec .
Modeling Language (UML) metamodel (ISO/IEC 19501:2005), the MOF meta-metamodel, as well as{ut
technologigs that will be specified using metamodels. The MOF provides the infrastructure for implemen
reuse repogtories, application development tool frameworks, etc. The MOF specifies precise mapping rul
the CORBA interfaces for metamodels to be generated automatically, thus encouraging consistéency in m
metadata ir] all phases of the distributed application development cycle. Mappings from MOF to W3C XM
specified i the XMI (ISO/IEC 19503) specification. Mappings from MOF to Java™ aare in the IMI (Jav
Interchangg) specification defined by the Java Community Process.

In order tojachieve architectural alignment considerable effort has been expended so that the UML and

same core antics. This alignment allows the MOF to reuse the UML notation for visualizing metamo
areas wherg semantic differences are required, well-defined mapping ruleSyare provided between the meta
UML has Heen the subject of a separate PAS submission.

The OMG pdopted the MOF (version 1.0) in November 1997. |t was developed as a response to a reques
issued by the OMG Analysis and Design Task Force, for Metadata repository facility (http://www.omg.o
cf/96-05-03). The purpose of the facility was to support thescreation, manipulation, and interchange of me
most recen{ revision of MOF, 1.4 was adopted in April 2002, and includes corrections and clarifications to
version, anfl minor modeling feature additions.

The rapid growth of distributed processing has led'to a need for a coordinating framework for this standg
ITU-T Recpmmendations X.901-904 | ISO/IEC-10746, Open Distributed Processing — Reference Model
provides such a framework. It defines an.architecture within which support of distribution, interoperability.
can be integrated. RM-ODP Part 2 (1SO/NEC 10746-2) defines the foundational concepts and modeling fr
describing fistributed systems. RM-ODP Part 3 (I1SO/IEC 10746-3) specifies a generic architecture of op
systems, exqpressed using the foundational concepts and framework defined in Part 2.

While not ljmited to this context, this International Standard is closely related to work on the standardizat
Distributed|Processing (@DP). In particular, the ODP Type Repository Function (ISO/IEC 14769 | Rec. X
the OMG Nleta Objeet Facility, version 1.3. This function specifies how to use the OMG MOF as a repos
types.

Unified
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ing design and
es that enable
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L and XSD are
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OF share the
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ta models. The
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INTERNATIONAL STANDARD

ISO/IEC 19502:2005(E)

Information technology — Meta Object Facility (MOF)

1

This In

This Infernational Standard also provides the following:

2

The fol
edition
applies

21

2.2

a

Scope

ernational Standard specifies the following:

IT
Fg

IT

An abstract language for specifying, constructing, and managing technology neutral metamaodels
isin effect an abstract language for some kind of metadata.

A metamode

A framework for implementing repositories & integration frameworks (e.g., tool intégretion frameworks) that hold

metadata (e.g., models) described by the metamodels and which uses standard techinology mappi
metamodels into metadata APIs.

A formal definition of the MOF meta-metamodel; that is, the abstract;tanguage for specifying M

A mapping from arbitrary MOF metamodelsto CORBA IDL that produces IDL interfacesfor m
metadata

hgs to transform MOF

DF metamodels.

anaging any kind of

A set of “reflective” CORBA IDL interfaces for managifig metadata independent of the metamodlel.

A set of CORBA IDL interfaces for representing and’ managing M OF metamodels.
An XMI format for MOF metamodel interchange (OMG XMI Specification).

Normative references

owing referenced documents’are indispensable for the application of this document. For dated r{
cited applies. For undated references, the latest edition of the referenced document (including

Identical'Recommendations | International Standards

[J-T Recommendation X.902 (1996) | ISO/IEC 10746-2:1996, Open Distributed Processing —
undations

pferences, only the
any amendments)

Reference Model:

Reference Model:

[J-T_Recommendation X.903 (1996) | ISO/IEC 10746-3:1996, Open Distributed Processing —

Ar

chitecture

International Standards

ISO/IEC 14769:2001, Infor mation technology — Open Distributed Processing — Type Repository Function

ISO/IEC 19501:2005, Information technology — Open Distributed Processing — Unified Modeling Language (UML)
Version 1.4.2

ISO/IEC 19503:2005, Infor mation technology — XML Metadata I nterchange (XMI)
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3 Abbreviations and Conventions

The use of IDL conventions is as defined in the IDL standard.
CORBA Common Object Request Broker Architecture
IDL Interface Definition Language
MOF Meta Object Facility
UML Unified Modeling Language
XMI XML Metadata I nterchange Specification

4  List of Documents

The followi

ng isalist of the electronic documents that variously specify the MOR meta-models and MOF ID

XMI DTD flor MOF meta-model interchange. These documents may be downleaded from the OMG's Web se

ht

MOF1.4/XM

Thisdocum|
1.4 intercha
the Model.N
XMI seridli

MOF1.4/XM

This docum
Model 1.4

Lp://www.omg.org/technology/documents/formal /mofi. hitm

11.1/Model1.4/Model.xml

ent (ptc/2001-10-05) isnormative. It expresses the MOF1.4 Model package as using the XM 1.1 f
hodl file below using an automatically generatechVHOF 1.4 metamodel repository and an automati
er.

11.1/Modell1.4/PrimitiveTypes.xml

PNt (ptc/2001-10-06) is normative, Itexpressesthe MOF 1.4 PrimitiveTypes package using the X\
hterchange format. The XM document was produced by serializing a hard-coded representation o

using an aufomatically generated XM| serializer.

MOF1.4/XM
This docum
MOF Moddg
package usi
MOF1.4/XM
This docum

11.1/Modell.4/CorbaldFypes.xml

ent (ptc/2001-10-07) s normative. It expresses the MOF 1.4 Corbaldi Types package using the X
1.4 interchange.format. The XMI document was produced by serializing a hard-coded representa
Ng an automatically generated XM| serializer.

11.1/Medel.dtd
ent(ptc/2001-08-09) is normative. It isthe standard DTD for XM1 1.1 interchange of MOF 1.4 m

L APlsand the
rver at:

or MOF Model

hge format. The XMI document contains cross-linksto the PrimitiveTypes.xml document. It was generated from

cally generated

1 1.1 for MOF
f the package

MI 1.1 for
ition of the

stamodel s.
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MOF Usage Scenarios

Overview

The MOF is intended to support a wide range of usage patterns and applications. To understand the possible usage

patterns for

the MOF, the first thing one needs to understand is the two distinct viewpoints for the MOF:

1. Maodeling viewpoint: The designer’s viewpoint, looking “down” the meta levels. From the modeling

M

subsequent software design and/or implementation steps for software connected with the information

D4
hig
thd
In

support reflection.

The second
modeling c
of construc
to define a
model for g
philosophy
being used

Finally, ond
by this speq

terms of the MOF model! using standard interfaces and interoperable semantics. These interfaces allow a

access, and
way that m

While we ¢
support the
specificatia
not support]
mapping is
new mappi

model to other interface definition languages are certainly feasible, as are direct mappings to programmir

data definit

DF is used to define an information model for a particular domain of interest. This definition.isthe

ta viewpoint: The programmer’s viewpoint, looking at the current meta-level, and possibly lookin
her meta-levels. From the data viewpoint, the MOF (or more accurately, a product’of'the MOF) ig

bhis mode, it is possible for a CORBA client to obtain the information modé descriptions and to U

bpability. The specification defines a core MOF model that includes arelatively small, though n
s for object-oriented information modeling. The MOF model can be extended by inheritance al
richer information model that supports additional constructs. Alternatively, the MOF model ca
efining information models. This feature allows the designer to define information models that
or details of the MOF model. In this context, the MOF Model is referred to as a meta-metamocd
to define metamodels such as the UML.

needs to understand the purpose and the limitations of the MOF model to the CORBA IDL
ification. The prime purpose of the mapping is to define CORBA interfaces for information md

update information described by, the model, with the expectation that the information will be
hi ntains the structural and logical* consistency constraints specified in the information model d

nticipate that some vendoerswill supply tools (for example, IDL generators, server generators,
development of software conforming to the mapping, provision of these tools is not a require
n. The second limitation is that the mapping is only intended to support the MOF model itself
extensions to the-metamodel or to other unconnected information models. Furthermore, since
not itself medeled in the MOF, there can be no standardized support for extending the mappir
ngs. Finally,'the IDL mapping in this specification supports only CORBA IDL. Mappings fron

orvlanguages. However, these mappings are beyond the scope of the first version of the MOR

viewpoint, the
N used to drive
model.

O up at the
used to apply

OMA -based distributed computing paradigm to manage information corresponding to a given infgrmation model.

se them to

thing one needs to realize is that this MOF specification is intended to provide an open-endedl information

ot minimal, set
hd composition
N be used as a
differ from the
el becauseit is

apping defined
dels defined in
Client to create,
managed in a
efinition.

and so on) to
ment of this
that is, it does
the IDL

g or defining

h the MOF

g languages or
specification.

1. Both extensions to the MOF meta-model that are expressible in the meta-model itself, and unconnected information models

expressed

using the MOF meta-model.
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5.2  Software Development Scenarios

Initially, one of the most likely applications of the MOF will be to support the development of distributed object-oriented
software from high-level models. Such a software development system would typically consist of arepository service for
storing the computer representations of models and a collection of associated tools. The latter would allow the
programmers and designers to input the models, and would assist in the process of translating these models into software
implementations.

In the simple case, the repository service could be an implementation of the MOF model interfaces. This sgrvice would be
accompanied by tools (for example, compilers or graphical editors) that allow the designer to input ifformation models
using a human readable notation for the MOF model. Assuming that the target for software development js CORBA
based, the gystem would include an IDL generator that implements the standard MOF model-t6-CORBA | DL mapping.

The usage $cenario for this repository service would be along the following lines:

1. Theprogrammer usestheinput tools provided by the system to define an object-oriented information model using the
notation provided.

2. When the design is complete, the programmer runs the IDL generator to-translate the model into CORBA IDL.
3. The programmer examines the IDL, repeating steps 1 and 2 to refingthe model as required.

4. The programmer then implements the generated IDL to proddce a target object server, and implemerft the
applications that use the object server.

The functignality of the development suite described above.can be expanded in a variety of ways. We c::[:
genjerated IDL

» Add generator tools to automatically produce the skéleton of an object server corresponding to the
Depending on the sophistication of the tool, thisskeleton might include code for the query and update|operations

|-based
gnd application

s not intended
| implementing
construct a

proposal in that

§ ) . ) gomponent
software. The UDL can be thought of as an extensi on, aswell asa reflnement of many of the concepts inthe UML. The
extensions are mainly in the area of providing sufficient detail to complete the implementation framework technologies
and defining additional meta models that address various technology domains such as database management, transaction
processing, etc.

The developer of a software development system based on UDL might start by using a MOF Model notation to define a
meta-model for UDL. Conceivably, the UDL metamodel could reuse part or al of the MOF Model, though this is not
necessarily a good idea?. The developer could then use a simple MOF-based development system (along the lines
described above) to translate the UDL metamodel into CORBA IDL for a UDL repository, and to provide hand-written or
generated software that implements the UDL repository and suitable UDL model input tools.
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The hypothetical UDL development system cannot be considered complete without some level of support for the process
of creating working code that implements systems described by the UDL models. Depending on the nature of the UDL,
this process might involve a number of stepsin which the conceptual design is transformed into more concrete designs
and, finally, into program source code. A UDL development system might provide a range of tools to assist the target
system designer or programmer. These tools would need to be supported by repository functions to store extra design and
implementation information, along with information such as version histories, project schedules, and so on, that form the
basis of a mature software development process.

In practice,
marketplac
of software

development systems is for Universal Repository systems; that is, for highly flexible systems.that ‘can be

extended o

A MOF-baj
developing
repository (
operate acr
would neeg

53 T

A second 4
informatior

The CORB
repository f
definitions
to read-only

other relevant information, such as behavioral semantics.

Given asin
information
be translate
upwards ca
M OF-based

Sup

connj

Be ¢xtensible in the sense that it would be feasible to extend the CORBA IDL model specification by

b, A typical software engineering “shop” will have requirements on both the technical and\the
engineering that cannot be met by a “one-size-fits-all” development system. The currént-treng

h the fly.

target metamodels (for example, the UDL) and their supporting tools. Many of the tools in th
ould be reflective; that is, the tools could make use of information from higher meta-levels tg
Dss a range of model types. Functionality, such as persistence, replication, version control, and
to be supported uniformly across the entire repository framework.

ype Management Scenarios

ea where early use of the MOF is likely is in the representation and management of the variod
used by the expanding array of CORBA infrastructure services.

A Interface Repository (IR) is the most central type-related service in CORBA. The IR serves
or interface type definitions in a CORBA=based system. The current IR essentially provides acq
that conform to the implied informatien'model of CORBA IDL. While the IR interfaces are tU
access, there is no standard updaté.interface and no way to augment the interface definitions

ple MOF-based development environment (as described above), it would be easy to describe
model for CORBA DL using a notation for the MOF Model. The resulting CORBA IDL mg

d into the IDL for aMOF-based replacement for the CORBA IR. While this replacement IR V

mpatible with thé existing IR, the fact that it was MOF-based would provide a number of adv
IR would:

port update interfaces.

a software devel opment system implemented along these lines would have difficulty meeting. the needs of the

Drocess aspects
| in software
tailored and

bed universal repository system would be based around the core of the MOF Model, and a suite of tools for

P universal
alow them to
access control

s kinds of type

as a central

ess to interface
ned fairly well
in the IR with

the implied
del could then
vould not be
antages. The

(MOF Model)

pesition and inheritance. This ability would help smooth the path for future extensions to the COFR

RBA object

model.

other kinds of type information.

Make it easier to federate multiple IR instances and to represent associ ations between CORBA interface types and

Automatically include links to its own meta-information definition expressed using MOF meta-objects.

2. The MOF meta-model has specific requirements (e.g., model simplicity and support for automatic IDL generation) that are not
generally applicable. Asaconsequence, it is unreasonable to expect the MOF metamodel design to be suitable for all kinds of object
modeling.
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Other candidates for use of MOF-based technology among existing and forthcoming infrastructure services include;

Trader: The CORBA trader service maintains a database of “service offers’ from servicesin a CORBA-based
distributed environment. These offers have associated service types that are represented using the
CosTradingRepos::ServiceTypeRepository interface. (A trader service typeisatuple consisting of atype
name, an interface type, and a set of named property types. Service types can be defined as subtypes of other service

types.)

Notif < S < 6 0 N6 0 ettpn of an event

. (An event type isatuple consisting of atype name, a set of named property types, and a set ofS

typd pertypes.)
In both casgs, a MOF-based type repository would have the advantages listed previously for the MOF-based
Implementdtion Repository.
Looking to|the future, there are a number of other possible uses for MOF-based type repositories in infrastructure
services. FqQr example:
« Serficeinterface bridges: As CORBA matures and there is large-scal e deploymient as part of enterprige-wide
computing infrastructures, it will become increasingly necessary to cope with legacy CORBA objects] that is, with

objd
not

incg
meg

Icts that provide or use out-of-date service interfaces. In situations where statically deployed objec
h good solution, one alternative isto provide an ORB-level servieethat can insert an interface brid
mpatible interfaces at bind time. Such a service would depend-on types that describe the available
hanisms used to instantiate them.

Complex bindings: RM-ODP supports the idea that bindings between objects in a distributed environr
more complex than simple RPC, stream or multicast protocols. RM-ODP defines the notion of a multi
invglving an arbitrary number of objects of varioustypes, in which different objects fill different roleg
A CORBA service to manage complex bindings.would be based on formally described binding types
nummbers and types of objects filling each role@nd the allowed interaction patterns (behaviors) for a gi

5.4 Information Management-Scenarios

[ wrappers are
ge between
bridges and the

nent can be far
-party binding
in the binding.
hat specify the
Ven binding.

The previolis sub clauses focused on theyuse of the MOF to support the software development life-cycle and the type

management requirements of CORBA infrastructure services. This sub clause broadens the scope to the n
domain of information management; that is, the design, implementation, and management of large bodies
structured ipformation.

hore general
of more or less

First, note that some of the'ideas outlined above carry over to the information management domain. In so

be appropri

e to definé\the information model (that is, the database schema) for the application of inter

e cases, it may
directly using

the MOF Model. knthis case, the technology described previously can be used to automate the production of CORBA-
based servers to'store the information and applications to use it. In other situations, the MOF Model can bg used to define
a metamodel ‘stiitable for defining information models for the domain of interest; for example, a metamode for describing
relational database schemas. Then a development environment can be designed and implemented using M OF-based
technology that supports the generation of CORBA-based data servers and applications from information models.

In addition, the MOF potentially offers significant benefits for large-scale information systems by allowing such a system
to make meta-information available at run-time. Some illustrative examples follow.

Information discovery: The World-Wide Web contains a vast amount of useful (and useless) information on any topic
imaginable. However, this information is largely inaccessible. In the absence of other solutions, current generation web
indexing systems or search engines must rely on simple word matching. Unless the user frames queries carefully, the
number of “hits’ returned by a search engine are overwhelming. Furthermore, it is now apparent that even the largest
search engines cannot keep pace with the Web's rate of growth.
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In the absence of software that can “understand” English text, the approach most likely to succeed is to build databases of
meta-data that describe web pages. If this meta-data is represented using MOF-based technology and an agreed base
metamodel for the meta-data, the framework can support local meta-data extensions through judicious use of MOF-
supported reflection. In addition, because the meta-data framework is defined in the MOF context, it can be accessible to
a larger class of generic tools.

5.5

Data Warehouse Management Scenarios

Data wareh
recognizes
technique ¢
in alarge-g
integration
databases t
based techr]
process.

Meta data i
automate

use static meta data using batch file-based meta data exchange mechanisms. We expect the use of MOF-

CORBA-bs
drive a new
customers t
of data min

The MOF i
transformat]
and the de|
data model
by defining

The OMG

that it is impractical to manage the information of an enterprise as a unified logical database.
Xtracts information from logically- and physically-distinct databases, integrates the informatio
Cale “warehouse” database that allows read-only access to possibly non-current data “The extr

b the schema of the warehouse. If the meta-information for the various databases is represente
ology, then it should be possible to create sophisticated tools to assist the'database administra

S often described as the “heart and soul” of the data warehouse equironment. The MOF can bg
eta data management of data warehouses. Current meta data repositories that manage data wal

sed event and messaging mechanisms and mobile agent technology (also being standardized O
generation of data warehouse management tools and, systems that are more dynamic. These tq
D react in atimelier manner to changing data access.patterns and newly discovered patterns, wh
ing and information discovery systems.

hterfaces and the MOF Model can be usedto define specific metamodels for database, data wa
on, and warehouse management domairis. The integration between these modelsin arun time

5 and operational databases) is a typical use of a MOF. The traceability across these environm
an impact analysis metamodel; which builds on the rich model of relationships supported by

CWM specification represents one possible realization of this scenario.

ousing is a recent development in enterprise-scale information management. The data warehO\IAse technique

nstead, this
n, and stores it
hction and

processes depend on a database administrator creating a mapping from the schiemas for the inglividual

H using MOF-
tor in this

b used to
rehouses often
and standard

y OMG) to

ols will enable
ich isthe focus

rehouse, model
Hata warehouse

el opment environment (which has data'models) and UML based object models (which describés the corporate

bnts is enabled
the MOF.
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MOF Conceptual Overview

Overview

The Meta Object Facility is a large specification. This Clause aims to make the MOF specification easier to read by

providing a

conceptual overview of the MOF.

The Clausg)
clause intrd
describes h

6.2

The central
supports an
alayered n
standards ¢
the meta-m|

M

The traditig
of how thig

6.21 F

The classic

The

The

aggregated as models.

The
met.
desq

The
wor

The classic

duces the metamodeling constructs that are used to describe metadata. This is followed by ‘@
bw metamodels are mapped to implementation technologies, including the IDL mapping and

y kind of metadata, and that allows new kinds to be added as required:\Ifivorder to achieve thi

bmmunities such as 1SO and CDIF. The key feature of both the elassical and MOF metadata g
ptamodeling layer that ties together the metamodels and models:

bur Layer Metadata Architectures

starts by explaining the MOF's conceptual architecture for describing and defining metadata,

etadata Architectures

theme of the MOF approach to metadata management is extensibility. The.aim is to provide a

etadata architecture that is based on the classical four layer metamadeling architecture popula

nal four layer metadata architecture is briefly described helow. Thisis followed by a more deta
maps onto the MOF metadata architecture.

bl framework for metamodeling is based onian architecture with four meta- layers. These layef
conventionglly described as follows:

information layer is comprised of the-data that we wish to describe.

model layer is comprised of the'metadata that describes datain theinformation layer. Metadata i

metamodel layer is comprised of the descriptions (i.e., meta-metadata) that define the structure ar

The next sub
ub clause that

MI.

framework that
5, the MOF has
r within
rchitecturesis

led description

sare

informally

d semantics of

hdata. M eta-metadata.is informally aggregated as metamodels. A metamodel is an “abstract language” for

ribing differentikinds of data; that is, alanguage without a concrete syntax or notation.

meta-metamodel layer is comprised of the description of the structure and semantics of meta-met;
s, it isthe*abstract language” for defining different kinds of metadata.

bl fourlayer meta-modeling framework is illustrated in Figure 6.1 on page 10. This example

hdata. |n other

hows metadata

ribing and the

for some si

hole records (i o “ StockQuota’
RPH-e- oS48 AIHOE

hard-wired meta-metamodel that defines the metamodeling constructs (e.g., meta-Classes and meta-Attributes).

While the example shows only one model and one metamodel, the main aim of having four meta-layers is to support
multiple models and metamodels. Just as the “ StockQuote” type describes many StockQuote instances at the information
level, the “RecordTypes’ metamodel can describe many record types at the model level. Similarly, the meta-metamodel
level can describe many other metamodels at the metamodel that in turn represent other kinds of metadata describing
other kinds of information.
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Figure 6.1

The classic
framework

Hard-wired Meta-metamodel

MetaModel ( “RecordTypes’,

MetaClass ( “ Record”,
[ MetaAttr (“name”, String),
MetaAttr (“fields’, List <“Field">) ]

meta-metamodel

metamodel

. mp

VeeCtassCFdgd )

Record (“ StockQuote”,
[ Fied ( “company”, String )
Field (“price”, FixedPoint ) ] )

StockQuote (“ Sunbeam Harvesters’, 98.77)
StockQuote (“Ace Taxi Cab Ltd", 12.32)

Four Layer Metadata Architecture

ort any kind of model and modeling paradigm that isdmaginable,

« alloy different kinds of metadata to be related,

model

information

« aloy metamodels and new kinds of metadata tobe added incrementally, and

. Sup
met

6.22 T

The MOF rhetadata architecture3sillustrated by the example in Figure 6.2, is based on the traditional four

architecturd

he MOF Metadata Architecture

metamodel$ for representing ML diagrams and OMG IDL.

ort interchange of arbitrary metadata (moedels) and meta-metadata (metamodels) between partiest
b-metamodel .

bl four layer metadata architecture has a number of advantages over simple modeling approaches. If the
is designed appropriately, it can:

hat use the same

layer metadata

described above,~This example shows a typical instantiation of the MOF metadata architecture with

3. One could argue that the term “architecture” is an inappropriate in this context. After all, the MOF metadata “ architecture” islittle
more than away of conceptualizing relationships between data and descriptions of data. Certainly, there is no intention the “archi-

tecture” be used as a benchmark for MOF conformance. However, the term has been used in MOF discussion for along time, so the
reader must forgive any perceived inaccuracy.

10
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netadata architecture has a few important features that distinguish it from earlier metamodelin

MOF Model (the MOF's core meta-metamodel) isobject-oriented, with metamodeling constructs|
UML’s object modeling constructs. Hence, thé'example uses UML package icons to denote MOR
bmodels as well as UML models.

meta- levelsin the MOF metadata architecture are not fixed. While there are typically 4 meta-lev

iscrete meta- levels at all at the implementation level. MOF meta- levels are purely a convention fd
ionships between different kindsof data and metadata.

nodel (in the broad sense.of a collection of metadata) is not necessarily limited to one meta-level. H
warehousing context;\itmay be useful to think of the meta-schema “ Relational Table” and specifi
nstances of relational-tables as being one conceptual model.

MOF Modehis:self-describing. In other words, the MOF Model isformally defined using its own
Etructs. Hence, the MOF Model is also denoted by a UML style Package icon.

scribing nature of the MOF Model has some important consequences:

It sh

j architectures:

that are aligned
-based

pl's, there could

nore or less than this, depending on hew MOF is deployed. Indeed, the M OF specification does notj require there to

r understanding

or example, ina
C schemas that

metamodeling

ows that the MOE Maodel is suffici pntly pylnrpcd\/p for prr—\r*tir‘al metamodeli ng

It allowsthe MOF sinterfaces and behavior to be defined by applying the MOF IDL mapping to the MOF Model. This

provides uniformity of semantics between computational objects that represent models and metamodels. It al'so means
that when a new technology mapping is defined, the APIs for managing metamodelsin that context are implicitly

defi

ned as well.

It provides an architectural basis for extensions and modifications to the MOF Model. Successive MOF RTFs have

thus been able to make incremental changesin the MOF Model to address problems that become apparent. In the
future, new meta-metamodels may be added to support tasks like specification of modeling notations and model-to-
model transformations.

© ISO/IEC 20
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Given an appropriate set of implementation generators, it allows new MOF metamodel repository implementations
and associated tools to be created by bootstrapping.

6.2.3 MOF Metamodeling Terminology

There is enormous scope for confusion if standard metamodeling terminology is used in the MOF specification. To avoid

this and to make it easier to read, we have opted to simplify the terminology. Some particular points of confusion are as
follows:

» Singe the number of MOF meta-levelsis not fixed and meta-levels are conventionally named upwardg from the
“information” layer, the “top” meta-level of the stack varies. Some people find thisidea hard o grasp.

» There are anumber of object modeling concepts that appear at two, three, or even four levelsin awell populated MOF
metadata framework. For example, aclassin aUML isdescribed by an instance of theglass “ Class’ i the UML
metamodel. Thisisin turn described by an instance of the class“Class’ in the MOF Modél. Finally, the class “Class’
in the MOF Model is described by itself. This overloading of names of concepts often confuses peopl¢.

+  Whilethe “meta-" prefix has a clear meaning in the context of the MOF, evidence suggests that people who encounter
it for thefirst timefind it very confusing. Thisis particularly the case ferformslike “meta-meta-” and “ meta-meta-
metg-" . Even for seasoned experts, “ meta-meta-meta-" is cumbersome.in conversation.

To avoid sgme of this confusion, we generally try to avoid using the“meta-" prefix. In particular, while the core of the
MOF is a meta-metamodel (assuming that there are 4 meta- layers), tis referred to as “the MOF Model.” Similarly, rather
than using terms like Class, MetaClass, and MetaMetaClass, we.use phraseology like “an M1-level instarjce of an M2-
level Class)

The meta-Igvel numbering used in the remainder of this Specification (for example, M2-level or M 1-level)[should be read
as top dowr] labelsrelative to the MOF Model at M 3-level. We assume that the reader can mentally relabel the meta-levels
to fit the cgntext; for example, in contexts wherethie MOF Model is not at M3-level, or when applying the IDL mapping
to the MOHK Model itself.

NOTE: Eve

N the M 1- / M 2- terminol ogy-'above has proved to be confusing to some readers. However, since g

minology

clearly supdrior terminology is proposed.

There are tlree cases where'it is convenient to use the “meta-" prefix as part of MOF terminology:
1. Theterm “metadata’ is used to refer to data whose purpose is to describe other data.
2. Theterm“metamodel” isused to refer to amodel of some kind of metadata.

3. Thetefm “metaobject” is used to refer to an abstract or technology specific object that represents met

ain will take significant effort and cause considerabl e disruption, further work on this has been dg

hanging the ter-
ferred until a

adata.

In each case, the term is used across al meta-levels and has a deliberately imprecise meaning.

The core modeling concepts in the MOF use terms that are also used in UML with similar meanings. For example, a MOF
Class corresponds to a UML Class, a MOF Attribute corresponds to a UML Attribute, and a MOF Association
corresponds to a UML Association. However the correspondence is not always a direct match. For example, UML
Associations may have many AssociationEnds, but MOF Associations must have precisely two.

12
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he MOF Model - Metamodeling Constructs

This sub clause introduces the MOF's core metamodeling constructs (i.e., the MOF's “abstract language”) for defining
metamodels.

MOF metamodeling is primarily about defining information models for metadata. The MOF uses an object modeling

framework that is essentially a subset of the UML core. In a nutshell, the 4 main modeling concepts are:
1. CI GSOTS, VV: I; L,: LILL IUdC: InVl: CF LI} ICtCUJ:Jj Q.ltb.
2. Agsociations, which model binary relationships between metaobjects.
3. DataTypes, which model other data (e.g., primitive types, external types, etc.).
4. Patkages, which modularize the models.
6.3.1 Classes
Classes are|type descriptions of “first class instance” MOF metaobjects. Classes-defined at the M2 level |
instances al the M1 level. These instances have object identity, state, and behavior. The state and behavior
instances afle defined by the M2 level Class in the context of the commoni.information and computational
by the MOIF specification.
Instances of classes belong to class extents that impact on certain aspects of their behavior. It is possible t
instances of a class in a class extent (see 8.8.2, “Class Extents;”on page 147).
Classes car] have three kinds of features. Attributes and.@perations described below and References desc
“Referenceg’ on page 18. Classes can aso contain Exeeptions, Constants, DataTypes, Constraints, and ot
6.3.1.1 Aftributes

An Attribute defines a notional slot or valueholder, typically in each instance of its Class. An Attribute ha

ogically have
pf the M1 level
models defined

D enumerate all
ibed in

her elements.

s the following

properties.

Property Description

name Unique in the scope of the Attribute’s Class.

type May be a Class or a DataType.

“isChangeable” flag Determines whether the client is provided with an explicit operation [to set the
attribute’s value.

“isDerived—flag Determines-whetherthe-contents-of-the-notional-value-holderispart-of the “explicit
state” of a Class instance, or is derived from other state.

“multiplicity” specification (see “Attribute and Parameter Multiplicities” on page 14)

The aggregation properties of an Attribute depend on the Attribute’s type; see 6.3.3, “Aggregation,” on page 17.

© ISO/IEC 2005 - All rights reserved
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6.3.1.2 Operations

Operations are “hooks” for accessing behavior associated with a Class. Operations do not actually specify the behavior or
the methods that implement that behavior. Instead they simply specify the names and type signatures by which the
behavior is invoked. Operations have the following properties.

Property Description

name Unique in the scope of the Class.

list of posjtional parameters having the following properties:

Parameter|name:

Parameter|type may be denoted by a Class or a DataType

Parameter|direction of “in,” “out,” or determines whether actual arguments are passed from client to|server, server
“in out” to client, or both.

Parameter see “Attribute and Parameter Multiplicities” on page 14

“multiplic|ty”

specificatipn

An optiongl return type.

A list of Hxceptions that can be raised by an invocation.

6.3.1.3 Aftribute and Operation Scoping

Attributes and Operations can be defined as “classifierlevel” or “instance level.” An instance-level Attriil:te has a
separate value holder for each instance of a Class.. By contrast, a classifier-level Attribute has a value holdér that is shared
by all instances of the Class in its class extent.

Similarly, an instance-level Operation cantonly be invoked on an instance of a Class and will typically agply to the state
of that instance. By contrast, a classifierslevel Operation can be invoked independently of any instance, apd can apply to
any or al instances in the class extent.

6.3.1.4 Aftribute and Parameéter Multiplicities

An Attribute or Parameter-may be optional-valued, single-valued, or multi-valued depending on its multiplicity
specification. This consists of three parts:

1. The“Jower” and “upper” fields place bounds on the number of elementsin the Attribute or Parameter value. The
lowér bound may be zero and the upper may be “ unbounded.”

« A single-valued Attribute or Parameter has lower bound 1 and upper bound 1. An optional-valued Attribute or
Parameter has lower bound 0 and upper bound 1. All other cases are called multi-valued parameters (since their
upper bound is greater than 1).

NOTE: Multiplicity bounds are typically notated as one or two numbers, with “*” used to denote unbounded. For example, a
UML bounds specification of “1” translates to lower and upper bounds of 1, and “2..*” translates to alower bound of 2 and no
upper bound.

2. The"is ordered” flag sayswhether the order of valuesin a holder has semantic significance. For example, if an
Attributeis ordered, the order of the individual valuesin an instance of the Attribute will be preserved.

14 © ISO/IEC 2005 - All rights reserved
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The“is_unique’ flag says whether instances with equal value are allowed in the given Attribute or Parameter. The
meaning of “equal value” depends on the base type of the Attribute or Parameter. See 8.4, “ Semantics of Equality for
MOF Values,” on page 140, and 9.3.3, “ Value Types and Equality in the IDL Mapping,” on page 170 for additional
information.

NOTE: The bounds and uniqueness parts of a multiplicity specification can give rise to runtime “structural checks’ (see
6.3.7.2, “ Structural Consistency,” on page 24). By contrast, orderedness does not imply any runtime checking.

6.3.15 C

The MOF &g
verb “to gel

The meanir
IDL. The s
and Refere
Class and 4
level Class

The MOF places restrictions on generalization to ensure that it is meaningful and that it can be mapped d
implementd

NOTE: Itid
6.3.1.6 A

A Class md
ever exist i

NOTE: The
languages. §
“abstract C|1iS§’ has no relationship to the IDL keyword “abstract” introduced by the Objects-by-value specifi

AQ

AC
elen

When a Class has multiple super-Classes, no model elements contained or inherited by the super-Clas

sam
inhe

ass Generalization

lows Classes to inherit from one or more other Classes. Following the lead of UML, the MOF
neralize” to describe the inheritance relationship (i.e., a super-Class generalizes a sub<Class).

g of MOF Class generalization is similar to generalization in UML and to interface inheritang
Ib-Class inherits all of the contents of its super-Classes (i.e., al of the super:Classes Attributg
hces, and all nested DataTypes, Exceptions, and Constants). Any expligit¢Constraints that appl
hy implicit behavior for the super-Class apply equally to the sub-Class,'At the M1 level, an ing
is type substitutable for instances of its M2-level super-Classes.

tion technologies:
ass cannot generalize itself, either directly or indirectly.

ass cannot generalize another Classif the sub-Class'contains a model element with the same nam
nent contained or inherited by the super-Class (i, 'no over-riding is allowed).

e name. There is an exception (analogouisto the “diamond rule” in CORBA IDL) that allows the S
rit names from a common ancestor Class.

also possible to use Tags to.specify that the interfaces generated for a Class inherits from pre-exi
bstract Classes

y be defined as “@bstract.” An abstract Class is used solely for the purpose of inheritance. No 1
hose most-derived type corresponds to an abstract Class.

MOF uses* abstract Class” in the same sense as UML, and also Java and many other object oriente
Bpecifying aMOF Class as “abstract” does not say how instances are transmitted. In particular, the

Model uses the

e in CORBA

S, Operations

y to a super-
fance of an M 2-

nto a range of

e as a model

bes can have the
uper-Classes to

iting interfaces.

netaobjects can

d programming
use of theterm
Cation.

6.3.1.7 Leaf and Root Classes

A Class may be defined as a “leaf” or “root” Class. Declaring a Class as a leaf prevents the creation of any sub-Classes.
Declaring a Class as a root prevents the declaration of any super-Classes.
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6.3.2 Associations

Associations are the MOF Model’s primary construct for expressing the relationships in a metamodel. At the M1 level, an
M2 level MOF Association defines relationships (links) between pairs of instances of Classes. Conceptually, these links
do not have object identity, and therefore cannot have Attributes or Operations.

6.3.2.1 Association Ends

Each MOF|Association contains precisely two Association Ends describing the two ends of links. The‘Agsociation Ends
define the flollowing properties.

Property Description

A name fgr the end This is unique within the Association.

A type for the end This must be a Class.

Multiplicity specification See 6.3.2.2, “Association End Multiplicities,®'on page 16.

An aggredation specification See 6.3.3.2, “Association Aggregation,”™on page 18.

A “navigapility” setting Controls whether References can be defined for the end (see 6.3.4, “ Rgferences,” on
page 18).

A “changgability” setting Determines whether this entl.of alink can be updated “in place.”

6.3.2.2 Apsociation End Multiplicities

Each Assodiation End has a multiplicity specification:*While these are conceptually similar to Attribute and Operation
multiplicitigs, there are some important differences.

» An Association End multiplicity does notapply to the entirelink set. Instead, it appliesto projections of the link set for
the possible values of the “ other” .endiof alink. See Figure 6.3.

» Singe duplicate links are disallowed in M1-level link sets, “is_unique” isimplicitly TRUE. The check|for duplicate
links is based on equality ef.the instances that they connect; see 8.4, “ Semantics of Equality for MOF Vfalues,” on page
140
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left: Class A right: Class B

al, CBL __ Projection of al

Projection of bl~:\—‘ a2 b1  Projection of a2
a2 92 ,:

Projectign of b2‘::/ 33 bl . | Projection of a3
IS b2

Figure 6.3 { The projections of a link set

Figure 6.3 shows a link set for an Association with an AssociationEnd,named “left” whose Classis A, arld a second

named “right” whose Class is B. Instances of A are shown as “al,” *a2,” and “a3” and “b1” and “b2" arefinstances of B.
In this exarpple with five links, the projection of “al” is the collection { b1}, and the projection of “bl” i$ the collection
{al, a2, a3}. If there is another B instance (say “b3") with no ¢corresponding links, the projection of that p3 is an empty
collection.

The “lower[ and “upper” bounds of an Association End ‘constrain the number of instances in a projection. fFor example, if
the “left” End of the Association has a bounds “0..3,then the projection of the link set for any extant instiance of B must
contain betyveen zero and three instances of A.

The “is_ordered” flag for the Association Enddetermines whether the projections from the other End haye an ordering.
The MOF Model only allows one of an Association’s two Association Ends to be marked as “ordered.”

In the above example, this could say. whether order of the elements of the projection of “bl” is significant (i.e., whether
{al, a2, a3} is aset or aunique list).

6.3.3 Ajggregation

In a MOF metamodel~Classes and DataTypes can be related to other Classes using Associations or Attriblites. In both
cases, aspetts of _thebehavior of the relationships can be described as aggregation semantics.

6.3.3.1 Apgregation Semantics

The MOF supports two kinds of aggregation for relationships between instances (i.e., “composite” and “non-aggregate”).
A third aggregation semantic - “shared” - is not supported in this version of the MOF specification.

A non-aggregate relationship is a (conceptualy) loose binding between instances with the following properties:
» Thereare no special restrictions on the multiplicity of the relationships.

» There are no specia restrictions on the origin of the instances in the relationships.

© ISO/IEC 2005 - All rights reserved 17
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» The relationships do not impact on the lifecycle semantics of related instances. In particular, deletion of an instance
does not cause the deletion of related instances.

By contrast, a composite relationship is a (conceptually) stronger binding between instances with the following properties:

« A composite relationship is asymmetrical, with one end denoting the “composite” or “whole” in the relationship and
the other one denoting the “components’ or “parts.”

« Aninstance cannot be a component of more than one composite at atime, under any composite relationship.

« Ani
con

«  When a“composite” instance is deleted, all of its components under any composite relationship are a

al d

* The|
8.11

6.3.32 A

The aggreg
Associatiory

Associatiory
multiplicity
cannot be 4

6.3.33 A

The effecti
« An
« An

It is possibl
whose valu

6.34 R

The MOF N
While MOH

nstance cannot be a component of itself, its components, its components components and soon-y
posite relationship.

f the components’ components are deleted and so on.

Composition Closure Rule: an instance cannot be a component of an instancefrom a different pac
.2, “The Composition Closure Rule,” on page 155).

5sociation Aggregation
btion semantics of an Association are specified explicitly using'the “aggregation” Attribute of

Ends. In the case of a“composite” Association, the “aggregation” Attribute of the “composite
End is set to true and the “aggregation” Attribute of the” component” AssociationEnd is set to

nder any

50 del eted, and

age extent (see

the

false. Also, the

for the “composite” AssociationEnd is required to be¥[0..1]” or “[1..1]" in line with the rule {hat an instance

component of multiple composites.
tribute Aggregation

e aggregation semantics for an Attribute depend on the type of the Attribute. For example:
A\ ttribute whose type is expressed.as a DataType has “non-aggregate” semantics.
A\ ttribute whose type is expriessed as a Class has “composite” semantics.

e to use a DataType to.encode the type of a Class. Doing this allows the metamodel to define
b or values are ingtances of a Class without incurring the overhead of “composite” semantics.

eferences

Nl odel_provides two constructs for modeling relationships between Classes (i.e., Associations 3
- Associations and Attributes are similar from the information modeling standpoint, they have

an Attribute

Ind Attributes).
important

differences

from the standpoints of their computational models and their corresponding mapped interfaces.

p.

NOTE: Attributes can also model relationships between Classes and DataTypes, but that is not relevant to this point.

Associations offer a “query-oriented” computational model. The user performs operations on an object that notionally
encapsul ates a collection of links;

» Advantage: The association objects allow the user to perform “global” queries over al relationships, not just those for
agiven object.

» Disadvantage: The client operations for accessing and updating relationships tend to be more complex.

18
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Attributes offer a “navigation-oriented” computational model. The user typically performs get and set operations on an
attribute.

» Advantage: The get and set style of interfaces are ssmpler, and tend to be more natural for typical metadata oriented
applications that “traverse” ametadata graph.

» Disadvantage: Performing a“globa” query over arelationship expressed as an Attribute is computationally intensive.
ive “Attribute

ass, and

« a“referenced” Association End, whichisthe “other” end of the same Association.

Defining a Reference in a Class causes the resulting interface to contain operations'with signatures that afe identical to

those for an “equivalent” Attribute. However, rather than operating on the values in an attribute slot of a[Class instance,
these opergions access and update the Association, or more precisely a projectien of the Association. This is illustrated
in UML-like notation in Figure 6.4.

My Class 1 My_Assoc
end 1 end.? My_Class_2

s

>

attr: | nteger
Iref: My_Class 2

" «exposes»
/

- —

—,
— — «references»

Figure 6.4  An example of a Referencé

Figure 6.4 shows a Class called-My_Class 1 that is related to My _Class 2 by the Association My _Assod My Class 1

has an Attribute called “attr' whose type is Integer. In addition, it has a Reference called “ref” that refergnces “end2” of
the Associgtion. This pravides an API for “ref” that allows a user to access and update a My_Class 1 instance’s link to a
My_Class P instance dsing get and set operations.

NOTE: Strictly speaking, the UML notation in the diagram shows “ref” as a derived attribute of My_Class_1|with type of
My_Class P.

The example above shows a Reference that “exposes’ an Association End with a multiplicity of “[1..1].” References can
actually expose ends with any valid multiplicity specification. The resulting Reference operations are similar to those for
an Attribute with the same multiplicity. However, since MOF Associations do not allow duplicates, Association Ends and
therefore References must always have their multiplicity “is_unique” flag set to true.

There are some important restrictions on References:;

+ Whenthe“is navigable’ property of an Association End isfalse, itis not legal to define a Reference that “ references”
that Association End.
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+« An M1 instance of aClassthat “references’ an Association cannot be used to make alink in an instance of the
Association in adifferent extent. This restriction is described in 8.11.1, “ The Reference Closure Rule,” on page 153.

6.3.5 DataTypes

Metamodel definitions often need to use attribute and operation parameter values that have types whose values do not
have object identity. The MOF provides the metamodeling concept of a DataType to fill this need.

DataTypes tan represent two kinds of data type:

1. Primitive datatypes like Boolean, Integer, and String are the basic building blocks for expressing stafe. The MOF
defines six standard data types that are suitable for technology neutral metamodeling. (Other primitive data types can
beldefined by specific technology mappings or as user or vendor-specific extensions. However, the cpre MOF
specification says nothing about what they mean.)

2. Daatype constructors allow the metamodeler to define more complex data types./The MOF's standgrd data type
constructors are enumeration types, structure types, collection types, and aiéastypes.

See 7.4.7, “|DataType (abstract),” on page 55 and the following sub clauses fer,more details on how Datallypes subtypes
are used to [express types.

6.3.6 Ppckages

The Packade is the MOF Model construct for grouping elements'into a metamodel. Packages serve two purposes.

1. Atjthe M2 level, Packages provide away of partitioning and modularizing the metamodel space. Padkages can
cotlnjtajn most kinds of model element (e.g., other\Packages, Classes, Associations, DataTypes, Exceptjons, Constants,
andl so on).

2. AtltheM1level, Packageinstances actasthe outermost containers for metadata. Indirectly, they also glefine the scope
boundaries of Association link sets'ahd of “classifier level” Attributes and Operations on Class instances (see 8.8.4,
“Package Extents,” on page 147):

The MOF Nlodel provides four meghanisms for metamodel composition and reuse (i.e., generalization, nesting, importing,
and clusteriing). These are described in the following sub clauses.

6.3.6.1 Package Gengralization

Packages may be generalized by (inherit from) one or more other Packages in a way that is analogous to [Class

generalization described in 6.3.1.5, “Class Generalization,” on page 15. When one Package inherits from fanother, the

inheriting (pub>) Package acquires all of the metamodel elements belonging to the (super-) Package it inhgrits from.
herHtanece i s ; i i i metamodel

At the M1 level, a sub-Package instance has the ability to create and manage its own collections of Class instances and
Links. This applies to the Classes and Associations that it defines explicitly, and to those that it acquires by inheritance.

The relationship between instances of the super- and sub-Packages is similar to relationship between instances of super-
and sub-Classes:

» A sub-Packageinstanceistype substitutable for instances of its super-Packages (i.e., the sub-Package instance “1S_A”
super-Package instance).
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A sub-Package instance does not use or depend on an instance of the super-Package (i.e., thereisno “IS PART_OF”

Packages may be defined as “root” or “leaf” Packages (with analogous meaning to “root” and “leaf” Classes), but
“abstract” Packages are not supported.

6.3.6.2 P

A Package [may contain other Packages, which may in turn contain other Packages. Model elements defiT]
Packages may be strongly coupled to other model elements in the same containment. For example, aClas
Package haye a Reference that links it via an Association in its context, or its semantics could becovereq

ackage Nesting

defined Constraint that applies to the enclosing Package.

A nested Pgckage is a component of its enclosing Package. Since, in general, the model elementsin a nest

be inextric
particular,

gen
bei

Nested Pac

An M1 levs

Conceptual

NOTE: Thd

Package. N
tailed.

6.3.6.3 P

In many sit]
metamodel
not others.

A Package
Package is

ly tied to its context, there are some significant restrictions on how nested Packages can be
nested Package may not:

alize or be generalized by other Packages.
mported or clustered by other Packages.

kages are not directly instantiable. No factory objects or operations are defined for nested Pac
y, a nested Package instance is a component of an istance of its containing Package.

main effect of nesting one Package inside anothéris to partition the concepts and the namespace
bsting is not a mechanism for reuse. Indeed when a Package is nested, the options for reusing its ¢

hckage Importing

uations, the semantics of Package nesting and generalization do not provide the best mechanis
composition. For example,\the metamodeler may wish to reuse some elements of an existing
The MOF provides an import mechanism to support this.

may be defined as importing one or more other Packages. When one Package imports another,
allowed to make use of elements defined in the imported one Package. As a shorthand, we say

elements of] the importéd. Package are imported.

Here are sg

o Attr

me examples of how a Package can reuse imported elements. The importing Package can decl

hlités, Operations, or Exceptions using imported Classes or DataTypes,

| instance of a nested Package can only exist in conjunction with an instance of its containing

ed in nested
5S in a nested
by a user-

bd Package can
composed. In

age instances.
Package.

pf the outer
bntents are cur-

im for
metamodel and

the importing
that the

are:

Operations that raise imported Exceptions,
DataTypes and Constants using imported DataTypes or Constants,
Classes whose supertypes are imported Classes, and

Associations for which the types of one or both Association Endsis an imported Class.

At the M1 level, an instance of an importing Package has no explicit relationship with any instances of the Packages that
it imports. Unlike a sub-Package, an importing Package does not have the capability to create instances of imported
Classes. A client must obtain any imported Class instances it needs via a separate instance of the imported Package.
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6.3.6.4 Package Clustering

Package clustering is a stronger form of Package import that binds the importing and imported Package into a “cluster.”
As with ordinary imports, a Package can cluster a number of other Packages, and can be clustered by a number of other
Packages.

An instance of a cluster Package behaves as if the clustered Packages were nested within the Package. That is, the
lifecycle of a clustered Package instance is bound to the lifecycle of its cluster Package instance. In particular:

. Wh(len the user creates an instance of a cluster Package, an instance of each of its clustered Packagesis created
autdmatically.

« Thelinstances of the clustered Packages created above all belong to the same cluster Package extent.

» Delgting a cluster Package instance automatically deletes its clustered Packaged instances, and the clustered Package
instances cannot be deleted except as part of the deletion of the cluster Package ipstance.

However, unlike a nested Package, it is possible to create an independent instance'of/a clustered Package| Also, in some
situations cjustered Package instances are not strictly nested.

NOTE: Itigpossibleto cluster or inherit from Packages that cluster other Packages. The impact of thison M1 level instance
relationshipsis discussed in 8.8.4, “Package Extents,” on page 147.

In summary], the relationship between the M1 level instances inva Package cluster is that each clustered Package instance
is a compoment of the cluster Package instance. Unlike nested Packages, there is no composite relationshifp between the
M2 level Packages.

6.3.6.5 Spmmary of Package Composition Caonstructs

The properties of the four Package compositionmechanisms defined by the MOF Model are summarized|by Table 6.1.

Table 6.1 - [Package Composition Constfucts

Metamodel Construct Conceptual M2 level Relationship M1 level Relationship
Relationship Properties Properties
Nesting P1 contains P2 PL—— P2 Ple— P2
Generalizgtion / Inhexitance P1 generalizes P2 P2- - = P1 P2 —> P1
Importing P1 imports P2 PL--- = P2 none
Clustering P1 clusters P2 PL- - = P2 P1O—— P2
Or Tiorie

The symbology of the table is based on UML; that is, afilled diamond means composition, a hollow diamond means
aggregation, a hollow triangle means inheritance, and a dotted arrow means “depends on.”

Note that P1 and P2 denote different (though related) things in different columns of the table:
« Incolumn 2, they denote conceptual M2 level Packagesin a metamodel.
« Incolumn 3, they denote both the conceptual M2 level Packages, and the objects that represent them in areified

metamode!.
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» Incolumn 4, they denote M1 level Package instances (when underlined) or their types.
6.3.7 Constraints and Consistency

The MOF Model constructs described so far allow the metamodeler to define a metadata information that comprises
nodes (Classes) with attached properties (Attributes / DataTypes) and relationships between nodes (Associations). While
the above constructs are sufficient to define an “abstract syntax” consisting of metadata nodes and links, this syntax

typ|ca||y n cto ba ancrmantod vt odditianal concictaney vl ac
[\Vowo v re paw gy vy wy Muvl TICTICOCO YU IO T COOT CroT I COT TOorocceT I\Jj T Ol COv

This sub clfuse describes the MOF Model’s support for consistency rules and model validation.
6.3.7.1 Cpnstraints

The MOF Model defines an element called Constraint that can be used to attach consistency rules to othgr metamodel
components. A Constraint comprises:

+ acanstraint name,

« a“language’ that identifies the language used to express the consistency, rules,
» an“expression” in the language that specifiesarule,

» an“jevaluation policy” that determines when the rule shouldde enforced, and
« ase] of “constrained elements.”

A Constraiint expression is an expression in some language'that can be “evaluated” in the context of a metamodel to
decide if it|is valid. The MOF specification does not define or mandate any particular languages for Constraint
expressiong, or any particular evaluation mechanisnis: 1ndeed, it is legitimate for Constraints to be expressed in informal
language (4.g., English) and for validation to be implemented by ad-hoc programming. However, the Congtraints that are
part of the MOF Model specification itself are.expressed in Object Constraint Language (OCL) as descriljed in the UML
specification.

The evaluation policy property of a Constraint determines whether the consistency rule should be enforcad immediately
or at alater time. Figure 6.5 givesia simple example that will be used to illustrate the need for evaluatior policies.

AN
Constraint-X My Class
aisodd) [ T T T = — — ~ = a Integer
_ ~=Z 1 - b Integer
Constraint Y B -
bequasa* 2

Figure 6.5 - Examples of Constraints

In Figure 6.5, Constraint X constrains only Attribute a while Constraint B constrains both Attributes a and b.
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It is feasible to check the first Constraint (X: “ais odd” on the Attribute “a") at any time. It could be checked whenever
avalue for “a" is supplied (e.g., at instance creation and when “a’ is updated). An exception would be raised if the new
value for “a’ was even. Alternatively, constraint checking could be deferred to a later point (e.g., when the user requests

validation of a model).

The second constraint (Y: “b equals a* 2" on both Attributes “a’ and “b”) is another matter. If a server enforces Y on
every update, the user would never be able to change the values of either “a’ or “b.” No matter which order the user
invoked the operations, the updates would raise an exception. Instead, enforcement of Y must be deferred until both “a”

and “b” ha

NOTE: The

computation behavior of (for example) Operations. It is“bad style” to specify Constraint expressiohs that have

the state of
6.3.7.2 S

As noted p
syntax are {
Association
However, g
of the strud|

It is not prd
server. It i
neither defi
metamodel,

6.3.73 C

The MOF
or validatio

Sup
lang

The
initi

Perq
be 4

e been updated.
Constraint construct is intended to be used for specifying consistency rules for models rather-than
h model, not least because it is unspecified when Constraints are evaluated.

ructural Consistency

eviously, a MOF-based metamodel defines an “abstract syntax” forimetadata. Some aspects o
bnforced by the corresponding metadata server’s IDL. For example;the operation that creates
has a type signature that prevents the user from creating a link.with the wrong kind of Class
bme aspects of the abstract syntax can only be enforced by runtime structural consistency cheg
fural checks are made immediately, checks for “underflow” ‘often need to be deferred.

ctical for a metamodel to specify a priori al possible.things that can go wrong in a MOF-bas
therefore necessary to recognize that a MOF servér-may need to perform a variety of runtime
hed or implied by the metamodel. These include-additional metadata validation that is not spe
resource and access control checks, and internal error checking.

bnsistency Checking Mechanisms

n.

port for checking of Constraints is not mandatory. In particular, there is no requirement to support
uage for Constraint expressions.

set of events (if.any) that may trigger deferred checking is not specified. No general APIs are speq
pting deferred €onsistency checking.

i stence andinterchange of metadata, which isin aninconsistent state may be allowed. (Indeed, thi
preréquisite for some styles of metadata acquisition.)

for defining the
p side-effects on

the abstract

A link for an

i nstances.

ks. While most

ed metadata
checks that are
cified by the

pecification provides a lot of latitude for metadata server implementations in the area of consiraint checking

any particular

tified for

5 would seem to

Th

(e are no QInp(‘ifipd mechanisms for ensiri ng that validated metadata remainsvalid _or that it does

hot change.

The one aspect of consistency checking that is mandatory is that a metadata server must implement all structural

consistency

6.3.8

checks that are labeled as immediate.

Miscellaneous Metamodeling Constructs

This sub clause describes the remaining significant elements of the MOF Model.
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6.3.8.1 Constants

The Constant model element allows the metamodeler to define simple bindings between a name and a constant value. A
Constant simply maps onto a constant declaration in (for example) the IDL produced by the MOF IDL mapping.

6.3.8.2 Exceptions

or modified. A

« angmethat can be used to denote the Tag in its container,

« a“tagid’ that denotesthe Tag'skind,
» acdlection of zero or more “values’ associated with the Tag, and
« the get of other model elements that the Tag is “ attached” to.

The meaning of a model element is (notionally) modified by attaching a Tag to it. The Tag's “tag id” cat¢gorizes the
intended meaning of the extension or modification. The “values™ then further parameterize the meaning.

Asagenerdl rule, the definition of values and meaningsfor-“tag id” stringsis beyond the scope of the MOF specification.
The specififation recommends a tag id naming scheme\that is designed to minimize the risk of name colligion, but use of
this scheme¢ is not mandatory; see 7.4.28, “Tag,” orpage 83.

One exceptjon to this is the MOF to IDL Mappihg. This defines some standard tag ids that allow a metarpodel to
influence the IDL mapping; see 9.6, “ Standard Tags for the IDL Mapping,” on page 194 for the completq list. For
example:

- “IDL Substitute Name” provides an alternative IDL identifier for an element in a metamodel, and

- “IDL Prefix” alowsthemetamodeler to specify the IDL “prefix” for atop-level Package.

6.4 Metamodels and Mappings

The previolis sub-clauses outlined the overall metadata architecture for the MOF, and the metamodeling gonstructs
provided by the MOF Model This sub clause d&crlbes the Mapp| ng approach that is used to instantiate MOF

This sub clause is organized as follows. The first sub clause outlines the purpose and structure of MOF Mappings. The
next two sub clauses give high-level overviews of the OMG MOF technology mappings defined to date. The final sub
clause explains how the standard mappings are applied to the MOF Model to produce the OMG IDL for the MOF Model
server and an XML DTD for metamodel interchange.

6.4.1 Abstract and Concrete Mappings

MOF Mappings relate an M2-level metamodel specification to other M2 and M1-level artifacts, as depicted in Figure 6.6.
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M3 level 1
Mof
Model
——————— XMI - XML Mapping
M2 level 1 \ \
Application —
metamodel \ Applic’n Applicn
I IDL Mapping |~ oo XMI DTD
Abstract Mapping
M1 level

L0y

Application metadata

Application metadata

as CORBA objects

Figure 6.6  The function of MOF Technology Mappings

Figure 6.6 dlepicts the Mapping derived relationships for an application,metamodel as follows:

Application
metadata as

an XML doc.

» The|Abstract mapping (defined in “ The MOF Abstract Mapping” Clause) fleshes out a MOF metamodlel into an
abstract information model; that is, by spelling out the logical structure of the metadata described by t

he metamodel.

» The|lDL Mapping (6.4.2, “The MOF Metamodel to |DL. Mapping,” on page 26) produces the standard OMG IDL and
assqciated behavioral semantics for metaobjects that-can represent metadata conforming to the metampdel.

« ThelXML Mapping (see 6.4.3, “The MOF Métamodel to XML Mappings,” on page 27) produces the

DT for interchanging metadata conforming'to the metamodel.

standard XML

The Abstragt Mapping has two roles: 1) it serves to define the “meaning” of a metamodel, and 2) it provides a point of
alignment fr current and future MOF technology Mappings.

Since the IIPL and XML Mappings.are both aligned with the Abstract Mapping there is a precise one-to-
correspondInce between abstract,metadata and metadata expressed as XM | documents or CORBA met
nce holds for all(metamodels. More significantly, it should also hold for any future metamodg! Mappings

correspondg

(e.g., to Java or DCOM technology) that are aligned with the Abstract Mapping.

6.4.2 The MORMetamodel to IDL Mapping

Ine
aolpjects. This

The MOF IDL Mapp| ng produces a specmcatlon for a CORBA metadata serV| ce from a MOF metamode specification

The OMG |

“The Reflective Modul

" clause and

" clause. These interfaces support creating, updatmg, and accessing metadata in the form of

CORBA objects, either using “specific” interfaces that are tailored to the metamodel or “generic” interfaces that are
metamodel independent.

The MOF IDL Mapping places some additional restrictions in MOF metamodel s beyond those set out in the “MOF Model

and Interfaces’ clause. See 9.5, “Preconditions for IDL Generation,” on page 192 for details.
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6.4.3 The MOF Metamodel to XML Mappings

Interchange of MOF-based metadata is defined in a separate OMG specification. The XMI (XML -based metadata
Interchange) specification leverages the W3C’'s XML (eXtensible Markup Language) technology to support the
interchange of metadata and metamodels between MOF-based and other metadata repositories.

The XMI 1.1 specification (formal/2000-11-02) has two main parts:

1. ThE™XWML DTD Production RUles™ define a uni-airectional mapping rrom a MOF metamodd to an KML DTD
(Dpcument Type Definition) for metadata interchange documents.

2. The"XML Document Production Rules’ define a bi-directional mapping between an XML -document (structured
acgording to the above DTD) and M OF-based metadata that (implicitly) conforms to the Abstract M apping.

6.4.4 Mappings of the MOF Model

The MOF IDL mapping has been applied to the MOF Model to produce the normative CORBA IDL for & metamodel
repository. [The XMI specification has been applied to the MOF Model to produce the normative XMI DTD for
metamodel |interchange, and a normative rendering of the MOF Model in the.nterchange format. These gnd other
electronic renderings of the MOF metamodel are described in 4, “List of (Documents,” on page 2.
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7 MOF Model and Interfaces

7.1 Overview

This Clause describes the model that defines the MOF. The MOF provides a set of modeling elements, incl

uding the rules

for their use, with which to construct models. Specifically, the MOF modeling elements support development of meta-

models. Thisfocus enables the MQE to r\rn\/idn amore domai n_annr‘ifir‘ modeli ng environment for definin

g meta-models

instead of 4 general-purpose modeling environment.

A well-desi
rules provi

ned modeling tool or facility should be based on a meta-model that represents the modeling el
ed by the tool or facility.

Every meta-model is also a model. If the MOF Model described in this sub clause is the metarmodel for t
is the modd
MOF Modél and provided by the MOF are used to define the MOF Model itself. 1 essence, the MOF M
meta-mode|. However, this circular definition does not support presentation of the model. Therefore, this
describes the MOF narratively and through the use of UML notation, tables, @and“Object Constraint Langy

expressions.

Note that the use of UML notation is a convenience to the designers 6fthe MOF and to the readers of th
specification. The semantics of the MOF Model are completely defined in the MOF specification and do
the semantifcs of any other model. The MOF interfaces used to manipulate meta-models are dependent on
these interfpces are specified using CORBA IDL.

A significanpt amount of the MOF Model syntax and semantics definition is constraint-based. This specifig
the constrailnt expressions as clearly as possible. In addition, the specification provides a reference to the C
that defineg each constraint.

The OCL,

provides a
state of obj
EXPressions
change the
for MOF-d
specificati

vhich is defined in the UML 1.4 specification (http://www.omg.org/technol ogy/documents/for
bmall set of language elements used to define expressions. As an expression language, OCL ¢
bcts; however, it can express eonstraints (including invariants, preconditions, and post-conditi
use operations defined in the MOF Model with the attribute isQuery set to TRUE. (Such ope
State of the object.) T ensure complete specification of constraints, this document provides O
ined operations used in OCL expressions. In addition, to avoid ambiguity or misinterpretatio
uses OCL to.define a few of the most complex concepts of the MOF Model.

The interfages throughwhich the MOF is utilized are generated from the MOF Model. However, these in
provide the semantic-information necessary to determine the behavior of their operations. Therefore, it is
understand the MOQF in terms of its model and related semantics, not just its interfaces.

ements and the

he MOF, where

| for this meta-model? Formally, the MOF is defined in itself; that is, the modeling elements diefined in the

pdel is its own
specification
age (OCL)

e MOF
not depend on
CORBA in that

ation describes
DCL expression

mal/uml.htm),
not change the
ns). OCL
rations do not
CL definitions
n this

terfaces do not
essential to

7.2 How the MOF Model is Described

This Clause describes the modeling elements that comprise the MOF Model and provide the building blocks for meta-

models. Because these elements are formally described with the MOF Model itself, the characteristics used
model are the same characteristics provided by the model.

to describe the

The following sub clauses briefly describe the conventions that this specification uses to define the model elements and

their characteristics, with a few exceptions noted.
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7.2.1 Classes

Classes are the fundamental building blocks of MOF meta-models and the MOF Model. A Class can have three kinds of
features; Attributes, References, and Operations. They may inherit from other Classes, and may be related to other
Classes by Associations. Classes are presented in detail in 8.5, “ Semantics of Class Instances,” on page 141.

The MOF uses the term Class with a meaning that is similar to that of Classin UML. A MOF Class is an abstract

specification or classification of meta-objects that includes their state, their interfaces, and (at least informally) behavior.
A Class specification is sufficient to allow the generation of concrete interfaces with well defined semantids for managing
meta-objecy state. However, a MOF Class specification does not include any methods to implement meta-pbject behavior.

The Classe$ that make up the MOF Model are introduced in 7.3, “The Structure of the MOF Model,” on page 36 and
specified ir] detail in 7.4, “MOF Model Classes,” on page 41. Each Class is defined in terms.eb its name(g), its super-
Classes, the Classes whose instances it can contain, its attributes, its references, its operations; its constraints, and whether
it is abstragt or concrete.

NOTE: Exdept where stated, the order in which “MOF Model Classes’” on page 41Lintroduces Classes and thgir component
featuresis rjot normative. The normative order is defined in the XM for the MQE-Model that may be found i the Preface.
This order determines the order in which elements appear in the generated DL, ‘and isin theory significant.

This documjent uses a hybrid textual and tabular notation to define thexmportant characteristics of each Class in the MOF
Model. The notation defines defaults for most characteristics, so that the Class definitions need only expljcitly specify
characteristjcs that are different from the default. The following:text explains the notation used for Classgs and their
characteristjcs.

7.2.1.1 C|ass Heading

Each Class|in the MOF Model is introduced by a-second level sub clause heading. The heading defines tme standard
Model Element name for the Class. The Classes:name on the heading line can be followed by the word “alpstract” or by a
“substitute [name” for some mapping. For example, the following:

3.4.1ModelElement (gbstract)

introduces I Class called “ModelEfement” and defines its Clause “isAbstract” flag to have the value “trug” On the other
hand, the fgllowing:

3.4.11Attribute (idl_substitute_name"MofAttribute”)

introduces a Class called “Attribute” and defines its substitute name (for the IDL mapping) as “MofAttribute.” The latter
information is encoded using a Tag whose “tagld” is “idl_substitute_ name” and whose “values’ consist of the Any-ized
string “M oilAttri bute.”

Unless stated otherwise each Class in the MOF Model has “isAbstract” set to false, and has no attached Tags.

NOTE: The MOF uses “abstract Class’ in the same sense as UML, and also Javaand many other object oriented programming
languages. There is no relationship with the IDL keyword “ abstract” introduced in CORBA 2.3.

The paragraph or paragraphs following a Class heading give a description of the Class, its purpose, and its meaning.
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7.2.1.2 Superclasses

The “Superclasses” heading lists the MOF Classes that generalize the Class being described. In the MOF context,
generalization is another term for inheritance. Saying that a Class A generalizes a Class B, means the same as saying that
Class B inherits from Class A. The sub-Class (B) inherits the contents of the super-Class (A). Multiple inheritance is
permitted in the MOF.

This heading is always present, since with the sole exception of ModelElement, all Classes in the MOF Model have

super-Class
7213 C

Instances o
heading lisf
of the MOFH
Model Stru
concise for

If the “Con
Classis an

7.2.1.4 A

The “Attrif
Classes are

es.
bntained Elements

the sub-Classes of NameSpace can act as containers of other elements. If present,the “ Contal
s the Classes whose instances may be contained by an instance of this container. Class. It also

Model Constraint that defines the containment rule for the Class. For more details, see 7.3.3|
Cture,” on page 38. In particular, Table 7.5 on page 137 expresses the MOF Class containment
m.

fained Elements” heading is absent, instances of the Class may not-Contain other instances. Th
abstract Class (and therefore has no instances), or if the Classis not derived from the Namesy

ftributes

utes’ heading lists the Attributes for a Class in theeMOF Model. Attributes that are inherited 1
not listed. If the “Attributes” heading is missing, the Class has no Attributes.

ned Elements”
pives the index
“The MOF
rulesin a

is occurs if the
ace Class.

rom the super-

All Attributes defined in the MOF Model have a “visibility” of “public_vis.” All have a“type” that is represented using
a DataType, and therefore all have aggregation semantics of “none.” The remaining characteristics of Attfibutes are
defined using the notation described in Table 7-1.
Table 7.1 -| Notation for Attribute Characteristics
Entry Description
type: This entry definies the base type for the Attribute. It gives either the name of a DataType defined in
7.6, “MOF Nrodel Data Types,” on page 96, or the name of a standard MOF primitive data type (e.g.,
“Boolean:-or “ String”) defined in 7.10, “ The PrimitiveTypes Package,” on page 134. The base typeis
represented by the Attribute’s “type.”
multiplicity: This entry defines the “multiplicity” for the Attribute, consisting of its “lower” and “upper” bounds,
an “isOrdered” flag, and an “isUnique” flag. See 7.6.2, “MultiplicityType,” on page 9¢, and 8.6.2,
“Multiplicity,” on page 142 for more details. The multiplicity for an Attribute is expressed as follows:
e The “lower” and “upper” bounds are expressed as “exactly one,” “zero or one,” “zero or more,” and “one or
more.”
* |f the word “ordered” appears, “isOrdered” should be true. If it is absent, “isOrdered” should be false.
e |If the word “unique” appears, “isUnique” should be true. If it is absent, “isUnique” should be false.
changeable: This optional entry defines the “isChangeable” flag for the Attribute. If omitted, “isChangeable” is
true.
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Table 7.1 - Notation for Attribute Characteristics
derived from: | This optional entry either describes the derivation of a derived Attribute, or if the entry is present, the
Attribute’'s “isDerived” flag will be true. If it is absent, the flag will be false.
scope: This optional entry defines the “scope” of an Attribute as either “instance level” or “classifier_level.”
If the entry is absent, the Attribute's “scope” is “instance_level.”
7.2.1.5 RquICII\;UO
The “References’ heading lists the References for a Class in the MOF Model. A Reference connectS'its containing Class
to an Assodiation End belonging to an Association that involves the Class. This allows a client.te navigate directly from
an instance|of the Class to other instance or instances that are related by links in the Association? If the “References’

heading is absent, the Class has no References.

A Classinv
navigate to

Classes in @#n Association have References for that Association, the Reference Closure rule restricts the cf

between ing

NOTE: The

the “isNavigable” flag istrue for a given AssociationEnd. In this case,‘stronger uniqueness constraints on Ass

names meay
Thismeans
be used.

Most chara

informatiory:

» The
The|
The|
» The

The variabl

Table 7.2 -

olved in an Association may or may not have a corresponding Reference, A Reference means t
instances of the other Class; however, this comes at the cost of some restrictions. In particular

tances in different “extents’ (see 8.11.1, “The Reference Closure'Rule,” on page 153).

modeling of navigation in MOF differs from UML. In UML{mechanisms for navigating links arg

that they are unique within the namespaces of the Association and all Classes involved and their
that the AssociationEnd names uniquely bind to a*“ navigator” operation in each context in which n

cteristics of References in the MOF Modelvare either common across all References or deriveq

“visibility” of al Referencesin theWOF Model is “public_vis.”

“scope” of all Referencesis “instance _scope.”

“type” of all References isthe same as the “type” of the AssociationEnd it references.
“multiplicity” of alllReferencesisthe same as the “multiplicity” of the AssociationEnd it referend

e characteristics\of References are defined or documented using the notation described in Tabl

Notation(for 'Reference characteristics

hat a client can
if one or both
eation of links

available when
pciationEnd
sub-Cl asses.
avigation might

| from other

€S,

e7.2.

Entry

Description

2B

class:

Tloi " <l ) L & £ Ll Dok ol 4ol ihetid 2
TS Ty UULUITTETTS T UasT 1y PJT U TT IREITITIILT AU TS TCPIToTIIIEU dS TS 1y PJt. 1

ote that the

“type” of a Reference must be the same as the “type” of the referenced AssociationEnd.

defined by:

link.

This entry defines the Association and AssociationEnd that the Reference is linked to via a RefersTo
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Table 7.2 - Notation for Reference characteristics

multiplicity:

This entry documents the “multiplicity” characteristics for the Reference. These are wri

way as Attribute “multiplicity” characteristics, except that “unique” is omitted because

predetermined (see 7.2.2.2, “Ends,” on page 34). Note the following:

¢ the OCL constraints on MultiplicityType and AssociationEnd mean that the “isUnique” field m
the “upper” bound is 1 and “true” otherwise, and

e the “multiplicity” settings for an AssociationEnd and its corresponding Reference(s) must be the same.

itten the same
itsvalue is

ust be “false” if

changeablle:

This optional entry defines the setting of the Reference’s “isChangeable” flag. If thé elhry is absent,

the “isChangeable” flag is true.

inverse:

This optional entry documents the “inverse” Reference for this Reference; that,is, the H
the link related Class that allows navigation back to this Reference’s ClasssH this entry
Reference does not have an inverse Reference.

Reference on
is absent, the

7.2.1.6 Operations

The “Opergtions” heading lists the Operations for a Class in the MOF Model.Afthe heading is absent, th

Operations|

All Operatipns for Classes in the MOF Model have “visibility” of “public_vis.” The remaining characteri
References|are defined using notation described in Table 7.3.

Table 7.3 -

Notation for Operation Characteristics

e Class has no

stics of

Entry

Description

return typ

W

This optional entry defines the type” and “multiplicity” of the Operation’s return Parg
the one with “direction” of “return_dir.” The “type” is denoted by a name of a Class o
defined the MOF Model, or.@name of standard MOF primitive data type. The “multip
expressed like an Attribute™ multiplicity” (see Table 7.2 on page 32), except that when i
“multiplicity” defaultsto “exactly one.”

The return Parameter (if it exists) should be the first contained Parameter of the Operation. If this

entry is absent or says “none,” the Operation does not have a return Parameter.

meter; that is,
DataType
icity” is

is absent, the

isQuery:

This optional entry defines the Operation’s “isQuery” flag. If it is absent, the “isQuery
valug false.

' flag has the

scope:

This optional entry defines the Operation’s “scope.” If it is absent, the Operation has a“scope” of

“instance_level.”

parameters;

rnis entry aerrnes the Uperation's non-return Farameter 11st in the oraer that they app

Operation’s signature. Each parameter is defined with the following format: name, direction type

multiplicity. If the “multiplicity” is not explicitly specified, it defaults to “exactly one.’
simply says “none,” the Operation has no non-return Parameters.

ar in the

" If the entry

exceptions:

This optional entry defines the list of Exceptions that this Operation may raise in the order that they

appear in the Operation’s signature. If it is absent, the Operation raises no Exceptions.

operation
semantics:

This optional entry simply gives a cross reference to the OCL defining the Operation’s semantics.
Note that the MOF Model does not provide a standard way of representing an Operation’s semantic
specification, and it is not included in the normative XMI serialization of the MOF Model.
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7217 C

onstraints

The “Constraints’ heading lists the Constraints that are attached to this Class in the MOF Model. The OCL for the
Constraints may be found in 7.9.4, “The MOF Model Constraints,” on page 105. Each listed Constraint “constrains’ the

which are part
hd an Instance

sses (or relates
The properties
age 149 for a

Associations’
on the heading

(derived)

derived” is not

urpose, and its

CiationEnds are

Class, and is also contained by it.
7.2.1.8 IDL
The “IDL" heading shows an excerpt of the MOF Model IDL that corresponds to this Class. The excerpts,
of the “Moglel” module given in the “MOF to IDL Summary” clause, consist of a Class proxy interface g
interface. For information on these interfaces, refer to the “MOF to IDL Mapping” clause.
7.2.2 Apssociations
The Associftions in the MOF Model are defined in 7.5, “MOF Model Associations;” ‘\on page 85.
Associations describe relationships between instances of Classes. In short, an ASsociation relates two Cla
one Class tp itself) to define a“link set” that contains two-ended “links’ between instances of the Classes.
of an Assogiation rest mostly in its two AssociationEnds. Refer to 8.9, “Semantics of Associations,” on p
more detailpd explanation.
7.2.2.1 Apsociation Heading
Each Assodiation in the MOF Model is introduced by a second level sub clause heading in “MOF Model
on page 85 The heading defines the standard Model Elesnent name for the Association. The Classes name
line can belfollowed by the word “derived.” For example, the following:

3.5.4 Exposes
introduces an Association called “Exposes™.and defines its Clause “isDerived” flag to be true. If the word *
present, thg Association’s “isDerived” flag-is false.
The paragrgph or paragraphs following an Association heading give a description of the Association, its
meaning.
7.2.2.2 Epds
The “Ends’| heading déefines the two AssociationEnds for an Association in the MOF Model. The two Asso
defined by pivingtheir “name” values and defining the remaining characteristics in tabular form.
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Every AssociationEnd in the MOF Model has both “isNavigable” and “isChangeable” set to true. The remaining

characterist

ics of AssociationEnds are defined using notation described in the table below.

Entry

Description

class:

This entry specifies the Class whose instances are linked at this end of the Association
represented by the AssociationEnd’s “name” attribute.

. Thisis

multiplici

Thlb CI Itl y d&fn 1o thC r’-\\oauuatlw IEI |d’o & LI |u:t; P:Iblty” attl ;butc. Thlb ;D CI\}JI m\..: ;I 1 th
References (i.e., uniqueness is implicit - see 7.2.1.5, “References,” on page 32). Netét
* the OCL constraints on MultiplicityType and AssociationEnd mean that the “isUnique™ field m

the “upper” bound is 1 and “true” otherwise, and
* the “multiplicity” settings for an AssociationEnd and its corresponding Reference(s) must be

P same way as
he following:
ust be “false” if

he same.

aggregatio

This optional entry defines the AssociationEnd's “aggregation” attributezas one of “corn
“shared,” or “none” (see 8.9.4, “Association Aggregation,” on page152). If the entry i
AssociationEnd's “aggregation” attribute takes the value “none.”

n:

nposite,”
5 absent, the

7223 D

The “Deriv
defined in ¢

7.2.2.4 10

The“IDL”
are part of
IDL data tyf

723 D

The DataTy
DataTypes
false, “isRd

The DataTy
StructureTy
their order

The remain|

erivation

ption” heading defines how a derived Association should be’computed. It may include marker f
[C-59]" on page 122.

L

heading shows an excerpt of the MOF Model{DL that corresponds to this Association. These
he “Model” module given in the MOF IDL\Summary Clause, consist of an Association interf
pes. For more information, refer to thesMOF to IDL Mapping Clause.

ataTypes

pes that form part of the MOF Model are described in 7.6, “MOF Model Data Types,” on pag
n the MOF Model have “visibility” of “public_vis.” The settings of the other attributes are “i
ot” = true, and “isl-eal™™ = true as required by various MOF Model constraints.

pes used in the MOF Model are instances of PrimitiveType, StructureType, or EnumerationTy
pe's Structurekields (and their order) are as shown in the IDL. Similarly, an EnumerationTyp4
bre as showprin the IDL.

ng,characteristics of a DataType are its “name” (given in the sub clause heading), and its cont

the Contaiper" subheading). If the “Container” subheading is absent, the DataType is contained by the

or an OCL rule

excerpts, which
bce and related

e 96. All
BA bstract” =

pe. A
's “labels” and

giner (given by

lodel Package.

7.2.4

Exceptions

The Exceptions that form part of the MOF Model are described in 7.7, “MOF Model Exceptions,” on page 99.

All Excepti

The remain

3

ons in the MOF Model have “visibility” of “public_vis’ and “scope” of “classifier_level.”

ing characteristics are the Exception’s

“name” - given in the sub clause heading, and
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» Parameters and Container, which are given in the corresponding headings.

If the Container heading is absent, the Exception is contained by the Model Package.
7.2.5 Constants

The Constants that form part of the MOF Model are described in 7.8, “MOF Model Constants,” on page 99.

The characleristics of a Constant are its
e “n

e’ - given in the sub clause heading, and
» Container - given under the “ Container” heading, and
» “tygde’ and “value’ that can be determined from the IDL.

If the “Container” heading is absent, the DataType is contained by the Model Package.
7.2.6 Cpnstraints

The Constraints that form part of the MOF Model are described in 7.9, “MOF Model Constraints,” on page 101. The
notation usgd for describing the constraints is described in 7.9.2.1, “Netation for MOF Model Constraintg,” on page 101.

7.2.7 UML Diagrams

At various pointsin this clause, UML class diagrams are.used to describe aspects of the MOF Model. To upderstand these
diagrams, the reader should mentally map from UML modeling concepts to the equivalent MOF meta-mqdeling
constructs.

There is ong point in which this document’s useyof UML notation requires explaining. In standard UML motation, an
arrowhead pn an Association line indicates. that the Association is navigable in the direction indicated. Alsence of an
arrowhead ¢an mean either that the Assgelation is navigable or that it is navigable in both directions, depending on the
context.

Aswas explained in 7.2.1.5, “References,” on page 32, the MOF models navigable Associations in a diffgrent way. Thus
in this docyment, an arrowhead-en one end of an Association means that a Reference exists on the Class|at the opposite
end that alpws navigationiin'the indicated direction. If there are no arrowheads, there are References on the Classes at

both ends gf the Association.

7.3 The Structure of the MOF Model

This sub clause-grresar-everven—of-the Structore-ei-the MO Mede-
7.3.1 The MOF Model Package

The MOF Model, asiit is currently defined, consists of a single non-nested Package called “Model.” This Package
explicitly imports the “PrimitiveTypes’ Package so that it can use the “Boolean,” “Integer,” and “ String” PrimitiveType
instances.

The class diagram in Figure 7.2 on page 39 shows the Classes and Associations of the “Model” Package. To aid
readability, Class features, Association End names, DataTypes, and other details have been omitted from the diagram.
These details are all specified in later sub clauses of this clause.
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7.3.2

The MOF Model Service IDL

The “Model” Package is used to generate the CORBA IDL for the OMG MOF Model service using the MOF to IDL
Mapping defined in the “MOF Abstract Mapping” clause through the “Reflective Module” clause. Relevant fragments of
the resulting IDL is embedded in the Class, Association, DataType, and Exception descriptionsin 7.4, “MOF Model
Classes,” on page 41 through 7.7, “MOF Model Exceptions,” on page 99.

The IDL for the MOF Model service requires a “prefix” _of “org.omg.mof.” To this end, the “Model” Package is defined

to have an tidl_prefix” Tag with vaue “org.omg.mof.”

The IDL for the MOF Model services requires the “Attribute” and “Exception” elements to have HDL nar
“MofAttriblite” and “MofException” respectively to avoid collision with IDL keywords. To thisend, the “ 4

and “Exception” Class have ‘idl_alternate_name” Tags with the values “MofAttribute” and ‘“MofException” respectively.

7.3.3

The core stfucture of the MOF Model is shown in the class diagram in Figure 7:2\This diagram shows th
Classes in the MOF Model and the key Associations between them.

7.3.3.1 Kpy Abstract Classes

The key abgtract Classes in the MOF Model are as follows:

38

The MOF Model Structure

Modglel Element - thisis the common base Class of all M3:level Classesin the MOF Model. Every Mod

e”

ifier - thisisthe base Classfor al M3-level Classesthat (notionally) define types. Examples of C
and DataType.

Containg- this Association relates a Model Element to the Namespace that contains it (see 7.3.4, “The
Containtment Hierarchy,” on page 40).

nes
ttribute” Class

e key abstract

£l Element hasa

lodel.
b., inheritance).

vhose definition

assifier include

MOF Model

Generalizes - this Association relates a GeneralizableElement to its ancestors (i.e., supertypes) and chi

Idren (i.e.,

subtypes) in amodel element inheritance graph. Note that a GeneralizableElement may not know about all of its

subtypes.
IsOf Type - this Association relates a TypedElement to the Classifier that definesiits type.

DependsOn - this derived Association relates a Model Element to others that its definition depends on.
from Contains, Generalizes, |SOf Type, and other Associations not shown here.)
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0.*
+ dependent ordered

Model Element

name : String
. /qualifiedName : String
+pr0V|der annotation : String

/Depends On

= findRequlredElements ()
0..* isRequiredBecause ()
isFrozen ()

+containedElement | svisible(
0..* A
ordered

Cpntains
Namespace

+ container TookupElement ()

" resolveQualifiedNamé.()
findElementsByTyp& ()

nameIsValid ()

0.1

+supertype

0.*
ordered
Generalizable Element

1sRoot :\Boolean

isLeaf): Boolean

+SUbtype isAbstract : Boolean
visibility : VisibilityKind
0.* allSupertypes ()
lookupElementExtended ()
findElementsByTypeExtended ()

7

Classifier 1 IsOf Type 0.* Typed
< Element
+type  +typedElement

(®)]

eneralizes

Figure 7.2 - The Key Abstractions of the MOF Model
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7.3.4 The MOF Model Containment Hierarchy

The most important relationship in the MOF Model is the Contains Association. Containment is a utility Association that
is used to relate (for example) Classes to their Operations and Attributes, Operations to their Parameters, and so on. While
the class diagram shows that only Model Element objects that are subtypes of Namespace can contain any other

Model Elements, the MOF Model restricts the legal containments to eliminate various nonsensical and problematical

cases.

Table 7.4 shows the legal ModelElement containments in matrix form. The rows are the non-abstract subfypes of

Namespace]
contained €
says that it

NOTE: The

Table 7.4 simmarizes the OCL containment rules..

is not.

normative specification of the containments rulesisin the OCL rules

(i.e., possible containers) and the columns are the non-abstract subtypes of Model Elements (ife., possible
ements). For each combination of container and contained, a“Y” says that containmeént,is legal and an “N”

Table 7.4 - [The ModelElement Containment Matrix
8
ol o g & 2 3
o o = c L [
) e =2 c c| o
° ol o 5| ®B & S| /8 § s/ & & £ = &
() 2| 5| g B X B.3 5 = =| B B T § +<| 3
8 £| & B E| 7| 8|2 s 5 8 & 3 B ¥ 5| &
s B E 3 5| 2| & 8,5 Bl & & S| g 5 8 8 2 e
£ o & & o 4| <.t Z| x| o d| & <| O O E| & &
Package Y Y Y Y Y Y Y Y N N N Y N N Y Y Y N Y
Class N Y Y Y Y Y Y N Y Y Y Y N N Y Y N N Y
Primitive Type N N N N N N N N N N N N N N Y N N N Y
Structure Type N N N N N N N N N N N N N N Y N N Y Y
Collection [Type N N N N N N N N N N N N N N Y N N N Y
Enumeratign Type | N N N N N N N N N N N N N N Y N N N Y
Alias Type]| N N N N N N N N N N N N N N Y N N N Y
Structure Held N N N N N N N N N N N N N N Y N N N Y
Associatiol N N N N N N N N N N N N N Y Y N N N Y
Operation N N N N N N N N N N N N Y N Y N N N Y
Exception N N N N N N N N N N N N Y N N N N N Y

NOTE: Whilethe MOF Model allows Classes to contain Classes, the MOF to IDL mapping does not support this. Any
metamodel in which Classes are nested inside Classes must be considered as not technology neutral.

40
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7.4 MOF Model Classes

7.4.1 ModelElement

(abstract)

Model Element classifies the elementary atomic constructs of models. ModelElement is the root Class within the MOF

Model.

SuperClas

None. (Wh
MOF Modd

Attributes

name

Ses

|le the CORBA IDL for Model Element inherits from Reflective::RefObject, this is not general
| sense. Rather it is an artifact of the IDL mapping.)

zation in the

Provides 4

the rules f

Model Element’s containing Namespace. When choosing a Model Element’$\name, the meta-modeler sho

L meta-modeler supplied name that uniquely identifies the Model Element in the context of the

or translating names into identifiers in the relevant mappings (eg., 9.7.1, “Generated IDL Idef

Lld consider
ntifiers,” on

page 198){ To minimize portability problems, use names that start with‘an ASCII letter, and consist of ASCII letters and
digits, space and underscore. Avoid names where capitalization,paces, or underscores are significant.
type: String
multiplicity: exactly one

qualifiedName
Provides 4 unique name for the Model Elementiwithin the context of its outermost containing Package. The
qualifiedName is a list of String values consisting of the names of the Model Element, its container, its dontainer’s
container, |and so on until a non-contained element is reached. The first member of the list is the name gf the non-
contained [element.
type: String
multiplicity: one or more; ordered
changeablie: no
derived from: [S-12] on page 130

annotation

Provides an informal description of the Model Element.

type:

String

multiplicity: exactly one

© ISO/IEC 2005 - All rights reserved

41



https://iecnorm.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

References

container

I dentifies the Namespace that contains the Model Element. Since the Contains Association is a Composite Association,
any ModelElement can have at most one container, and the containment graph is strictly tree shaped.

type: Namespace

defined byf: Contains::container
multiplicity: Zero or one

inverse: M odel Element::contents

requiredElgments

I dentifies the Model Elements on whose definition the definition of this Model Element depends. For a définition of
dependengy, see 7.5.9, “DependsOn (derived),” on page 93.

type: Model Element
defined byf: DependsOn::provider
multiplicity: Z€ero or more

constraints

I dentifies the set of Constraints that apply to the ModelElement. A Constraint applies to all instances of |the
Model Elefment and its sub-Classes.

type: Constraint

multiplicity: Z€ro or more

inverse: Constraint::constrainedElements.

defined byf: Constrains::provider
Operation|s

findRequir¢dElements

This operdtion ‘selects a subset of the Model Elements that this one depends on, based on their dependengy categories.
The “kindg_arfgument gives the kinds of dependency of interest to the caller

String constants for the standard dependency categories are givenin 7.8, “MOF Model Constants,” on page 99 and their
meanings are defined in 7.5.9, “DependsOn (derived),” on page 93. In this context, the AllIDep pseudo-category (i.e.,
“all”) is equivalent to passing all of the standard categories, and the IndirectDep pseudo-category (i.e., “indirect”) is

ignored.
... continued
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If the “recursive” argument is “false,” the operation returns the direct dependents only. If it is “true,” all dependentsin
the transitive closure of DependsOn for the specified “kinds’ are returned.

return type: Model Element (multiplicity: zero or more; unordered, unique)
isQuery: yes
parameteris: kinds: in String (multiplicity: one or more; unordered; unique)

recursive: in Boolean

operation [semantics

[S-4] on page 125

isRequiredBecause

This operation performs two functions:

String ©

* |t checks$ whether this Model Element directly or indirectly depends on the Model Element.given by “otherElement]” If it does, the
operatiop’s result is “true;” otherwise, it is “false.”

o If adepIndency exists; that is, the result is “true,” the operation returns a Stringin-*reason” that categorizes the fdependency.
nstants for the dependency kind categories are given in 7.8, “MOF Model Constants,” on page 99 and their meanings are
defined |n 7.5.9, “DependsOn (derived),”
dependencies, any category that applies may be returned in “reason.” Af\no dependencies exist, an empty string i$ returned in

on page 93. If the dependency isindirect, IndirectDep is returned. If there are multiple

“reason.
return type: Boolean
isQuery: yes
parameteris: otherElement: in Model Element

reason;-Qut String

operation [semantics

[S:5]~on page 126

isFrozen

Reports the freeze status of a Model Element. A Model Element, at any particular time, is either frozen or not frozen. All
ModelElements of a published-model are permanently frozen.

return type: Boolean
isQuery: yes
isVisible

Returns true. This operation is reserved for future use when the MOF visibility rules have stabilized. Then it will
determine whether the supplied otherElement is visible to this Model Element.

return type: Boolean
isQuery: yes
parameters: otherElement: in Model Element

operation semantics

[S-3] on page 125
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Constraints
A ModelElement that is not a Package must have a container. [C-1]

The attribute values of a ModelElement that is frozen cannot be changed. [C-2] on page 105.

A frozen Model Element that is in a frozen Namespace can only be deleted, by deleting the Namespace. [C-3] on page
106.

jed. [C-4] on

IDL

interface MpdelElementClass : Reflective::RefObject {

readon|ly attribute ModelElementSet all_of_type_model_element;

const §tring MUST_BE_CONTAINED_UNLESS_PACKAGE =
"org.omg.mof:constraint.model.model_element.must_be_contained_uniess_package";

const gtring FROZEN_ATTRIBUTES_CANNOT_BE_CHANGED =
"ofg.omg.mof:constraint.model.model_element.frozen_attributes_cannot_be_changed";

const §tring FROZEN_ELEMENTS_CANNOT_BE_DELETED =
"ofg.omg.mof:constraint.model.model_element.frozen_elements) cannot_be_deleted";

const §tring FROZEN_DEPENDENCIES_CANNOT_BE_CHANGED.=
"ofg.omg.mof:constraint.model.model_element.frozen_dependencies_cannot_be_changed";

const PependencyKind CONTAINER_DEP = "container";

const DependencyKind CONTENTS_DEP = "contents";

const DependencyKind SIGNATURE_DEP = "signature’;

const DependencyKind CONSTRAINT_DEP = "constraint”;

const PependencyKind CONSTRAINED_ELEMENTS_DEP = "constrained elements";

const DependencyKind SPECIALIZATION_DEPR’="specialization";

const PependencyKind IMPORT_DEP ="impbrt";

const DependencyKind TYPE_DEFINITION) DEP = "type definition";

const DependencyKind REFERENCEBLENDS DEP = "referenced ends";

const DependencyKind TAGGED_EREMENTS_DEP = "tagged elements";

const PependencyKind INDIRECT_DEP = "indirect";

const DependencyKind ALL_DEP = "all";

}; I end of Interface ModelEleméntClass

interface MpdelElement : ModelElementClass {
wstring[name ()
raisey (ReflectiveiMofError);
void se{_name.(in-Wwstring new_value)
raiseq (Reflective::MofError);
s PrimitjveTypes::WStringList qualified_name ()
raises{RefleetireMetError:
wstring annotation ()
raises (Reflective::MofError);
void set_annotation (in wstring new_value)
raises (Reflective::MofError);
ModelElementSet required_elements ()
raises (Reflective::MofError);
ModelElementSet find_required_elements (in ::PrimitiveTypes::WStringSet kinds, in boolean recursive)
raises (Reflective::MofError);
boolean is_required_because (in ModelElement other_element, out wstring reason)
raises (Reflective::MofError);
Namespace container ()
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raises (Reflective::NotSet, Reflective::MofError);
void set_container (in Namespace new_value)
raises (Reflective::MofError);

void un

set_container ()

raises (Reflective::MofError);
ConstraintSet constraints ()
raises (Reflective::MofError);
void set_constraints (in ConstraintSet new_value)

raises-Reflective-MofError)
void adfl_constraints (in Constraint new_element)
raiseq (Reflective::MofError);
void mqdify_constraints (in Constraint old_element, in Constraint new_element)
raiseq (Reflective::MofError);
void remove_constraints (in Constraint old_element)
raiseq (Reflective::NotFound, Reflective::MofError);
booleah is_frozen ()
raiseq (Reflective::MofError);
booleah is_visible (in ModelElement other_element)
raiseq (Reflective::MofError);
h
7.4.2 Namespace (abstract)
The Namegpace Class classifies and characterizes Model Elements that can contain other Model Elements.|Along with
containing the Model Elements, a Namespace defines a namespace, the allowabl e set of names, and the nanfing constraints
for these elpments.
Subclasses |of the Namespace Class have mechanismsifor effectively extending their namespace, without pctually
containing pdditional Model Elements. Thus Namespace can be viewed in terms of its two roles, as a container and as a
namespace |mechanism. Because only subclasses extend the namespace, the namespace and contents are coincident in the
definition gf the Namespace Class. Each Namespace has four collections (the latter three derivable) that gre used in the
MOF Modgl’'s Constraints. These collectians are:
« Thelcontents (also called the direct contents), which are defined by the contents reference.
« All pontents, the transitiye,closure on the contents reference.
» Thelextended namespace (the contents plus elementsincluded by extension), which Namespace subclasses accomplish
through generalization and importation.
» Thelextended eontents (the transitive closure on the contents reference applied to the extended namespace).
The definitions 0f these collections may be found in 7.9.6, “OCL Helper functions,” on page 131.

SuperClasses

M odel Element

References
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contents

I dentifies the set of Model Elements that a Namespace contains.

class: Model Element

defined by: Contains::contai nedElement

multiplicity: zero or more; ordered

inverse: M odel Element::container
Operation|s

lookupElement

Searches flor an element contained by this Namespace whose name is precisely equal. (as a wide string) tp the supplied
name. Tha operation either returns a ModelElement that satisfies the above, or raises the NameNotFoungl exception.

return type: M odel Element
isQuery: yes

parameterf: name : in String
exceptiong; NameNotFound

operation [semantics:

[S-6] on page 127

resolveQualifiedName

Searches flor a Model Element contained within this Namespace that is identified by the supplied qualifigdName. The
qualifiedName is interpreted as a “path” starting from this Namespace.

return type: ModelElement (exactly one). If no element is found, gn exception is
raised.

isQuery: yes

parameters: qgualifiedName : in String (multiplicity one or more; drdered; not
unique)

exceptiong; NameNotResolved

operation [semanties:

[S-7] on page 128

46
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findElementsByType

For exam
abstract C|

€, " TIndETementsBy Type{Mo ement, 1alse)’. always retarns an empty 11st, since ModelElg
ass. On the other hand, “findElementsBy Type(Model Element, true)” always returns the conte

Returns a list of the M odel Elements contained by this Namespace that match the Class supplied. If ‘includeSubtypes
is false, this operation returns only those elements whose most-derived Class is ‘of Type.” If ‘includeSubtypes’ is true,
the operation also returns instances of subtypes of ‘of Type.” The order of the elements in the returned list is the same
as their order in the Namespace.

bment is an
nts of the

Namespage, since al their Classes are subtypes of Model Element.
return type: Model Element (multiplicity zero or more; ordered;\unique)
isQuery: yes
parameteris: of Type : in Class
includeSubtypes : in Boolean
operation [semantics: [S-9] on page 129.
namelsValid
Determings whether the proposedName can be used as the namefor a new member Model Element in this Namespace.
Specifically, it checks that the Namespace uniqueness rules,weulld still be satisfied after adding such a ame.
return type: Boolean
isQuery: yes
parameteris: proposedName : in String
operation [semantics: [S:8] on page 128.

Constraints

The names

IDL

interface N
readonly
const st

"org.o
exceptid

of the contents of a Namespace must not collide. [C-5] on page 107.

hmespaceClass : ModelElementClass {

attributé NamespaceSet all_of_type_namespace;

ing CONTENT_NAMES_MUST_NOT_COLLIDE =
mg«mof:constraint.model.namespace.content_names_must_not_collide";
mnNameNotFound {

wstri

b

g name,

exception NameNotResolved {
wstring explanation;
:PrimitiveTypes::WStringList rest_of_name;

}.

}; /Il end of interface NamespaceClass

interface
ModelE

Namespace : NamespaceClass, ModelElement {
lementUList contents ()

raises (Reflective::MofError);
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void set_contents (in ModelElementUList new_value)
raises (Reflective::MofError);
void add_contents (in ModelElement new_element)
raises (Reflective::MofError);
void add_contents_before (in ModelElement new_element, in ModelElement before_element)

raises
void m
raises

void rerpeve—contents-({in-ModelElementold—element)

raiseg (Refl_ective::NotFound, Reflective::M_ofError);

ModelE|

raisey (NamespaceClass::NameNotFound, Reflective::MofError);

ModelE|

raisey (NamespaceClass::NameNotResolved, Reflective::MofError);

ModelE|

raisey (Reflective::MofError);
boolear] name_is_valid (in wstring proposed_name)
raisey (Reflective::MofError);

b

7.4.3 GeneralizableElement (2

The GenerdlizableElement Class classifies and characterizes M odelElements that can be generalized throu

and special
the superty
supertypes

When a G¢|

Generali z:ﬁ

Generaliz
features -

To the degr]
substitutabi

Generalizal)leElement is expected.

SuperClag
Namespace

Attributes

(Reflective::NotFound, Reflective::MofError);
odify_contents (in ModelElement old_element, in ModelElement new_element)
(Reflective::NotFound, Reflective::MofError);

ement lookup_element (in wstring name)
ement resolve_qualified_name (in ::PrimitiveTypes::WStringList qualified_nanie)

ementUList find_elements_by_type (in Class of_type, in boolean include- subtypes)

zed through subtyping. A GeneralizableElement inherits the features of each of its supertypes,
pes of the immediate supertypes, and so on. In other words, all the features of the transitive cl
Df the GeneralizableElement.

neralizableElement inherits a feature, that/feature name effectively becomes part of the names

|eElement cannot have a superclassif it causes an inherited feature to have a namespace collisi
be Constraint [C-8] on page 108:

ee that a GeneralizableElement is defined by its features, the superclass / subclass association
ity. Any instance of a GeneralizableElement can be supplied wherever an instance of a super

ses

ibstract)

gh supertyping
the features of
bsure of all the

bace for the

|leElement and the feature is considered part of the extended namespace of the Namespace. Therefore, a

bn with its own

defines
lass of that

isRoot

Specifies whether the GeneralizableElement may have supertypes. True indicates that it may not have supertypes, false

indicates that it may have supertypes (whether or not it actually has any).
type: Boolean
multiplicity: exactly one
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Specifies whether the GeneralizableElement may be a supertype of another Generalizable Element. True indicates that

it may not be a supertype, false indicates that it may be a supertype (whether or not it actually is).
type: Boolean
multiplicity: exactly one

isAbstract

Indicates Whether the GeneralizableElement is expected to have instances. When isAbstract istrue; any i

hstance that is

represented or classified by this GeneralizableElement is additionally an instance of some specialization|of this
GeneralizableElement. No operation that supports creation of instances of this GeneralizableElement should be
available.
type: Boolean
multiplicity: exactly one

visibility
In the futdre, this Attribute will be used to limit the ability of Mode Elements outside of this GeneralizgoleElement’s
container to depend on it; see 7.6.3, “VisibilityKind,” on page.97. The rules of visibility of MOF Model[Elements are
not currently specified.
type: VisibilityKind
multiplicity: exactly one

Referencds

supertypes
Identifies the set of superclasses-for a GeneralizableElement. Note that a GeneralizableElement does nof have a
reference fo its subclasses.
class: GeneralizableElement
defined by: Generalizes::supertype
multiplicity: zero or more; ordered

Operations
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allSupertypes

Returns a list of direct and indirect supertypes of this GeneralizableElement. A direct supertypeis a
GeneralizableElement that directly generalizes this one. An indirect supertype is defined (recursively) as a supertype of
some other direct or indirect supertype of the GeneralizableElement. The order of the list elements is determined by a
depth-first traversal of the supertypes with duplicate elements removed.

return type: GeneralizableElement (multiplicity zero or more, ordered, unigue
isQuery: yes

parameters: none

operation [semantics: [S-1] on page 125.

lookupElementExtended

Returns ar) element whose name matches the supplied “name.” Like the “lookupElement” operation on Namespace, this
operation pearches the contents of the GeneralizableElement. In addition, it tries'to match the name in the contents of
all direct and indirect supertypes of the GeneralizableElement. For Packages, a subclass of Generalizabl Element, the
operation fan also match a Namespace associated with an Import object:-NameNotFound is raised if no [element
matches the name.

return type: Model Element (multiplicity exactly one)
isQuery: yes

parameter: name : in wstring

exceptions NameNotFound

operation [semantics: [S-10] en page 129

findElementsByTypeExtended

Provides gn extension of the findElementsByType defined for Namespace so that contained elements of all superclasses
(direct and indirect) of the GeneralizableElement are included in the search. The order of the returned elements is
determinegl by the order of {the elements contained in the GeneralizableElements and a depth-first travergal of the
superclasses.

Subclasses can include a larger overall areafor the lookup. Package, a subclass of GeneralizableElement, falso considers
the elements brought into this Namespace through the use of Import.

return type: ModelElement (mulfi Ir\li(‘i]‘y zero or more;ordered; ||ninI| u:-)
isQuery: yes
parameters:; of Type : in Class

includeSubtypes : in Boolean

operation semantics: [S-11] on page 130.
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Constraints

A Generalizable Element cannot be its own direct or indirect supertype. [C-6] on page 107.

A supertypes of a GeneralizableElement must be of the same kind as the GeneralizableElement itself. [C-7] on page 107.

The names of the contents of a GeneralizableElement should not collide with the names of the contents of any direct or
indirect supertype. [C-8] on page 108.

Multiple in
If a Generg
A Generali
A Generali

IDL

interface G
readonly
all_of_tyq
const stri

"org.o
const stri
"org.o
const stri
"org.on
“.contg
const stri
"org.o
const stri
"org.ofn
const stri
"org.ofn
const stri
"org.o

}; 11 end of

interface G
boolear
raise

void se

Teritarce must obey the BramondRute-fC-8formpage108:

vableElement’s immediate supertypes must all be visible to it. [C-11] on page 109,

eneralizableElementClass : NamespaceClass {

attribute GeneralizableElementUList

e_generalizable_element;

ng SUPERTYPE_MUST_NOT_BE_SELF =
ng.mof:constraint.model.generalizable_element.supertype* must_not_be_self";
ng SUPERTYPE_KIND_MUST_BE_SAME =
ng.mof:constraint.model.generalizable_element.supertype_kind_must_be_same";
ng CONTENTS_MUST_NOT_COLLIDE_WITH_SURERTYPES
hg.mof:constraint.model.generalizable_element?
nts_must_not_collide_with_supertypes”;

ng DIAMOND_RULE_MUST_BE_OBEYED:=
ng.mof:constraint.model.generalizable.element.diamond_rule_must_be_obeyed";
ng NO_SUPERTYPES_ALLOWED_FOR_ROOT =
hg.mof:constraint.model.generalizable_element.no_supertypes_allowed_for_root";
ng SUPERTYPES_MUST_BE_VISIBLE =
hg.mof:constraint.model.generalizable_element.supertypes_must_be_visible";

ng NO_SUBTYPES_ALLOWED_FOR_LEAF =
ng.mof:constraint.model.generalizable_element.no_subtypes_allowed_for_leaf";

nterface GeneralizableElementClass

eneralizableElement : GeneralizableElementClass, Namespace {
is_root ()

5 (Reflective::MofError);

_is’_root (in boolean new_value)

raises

(Reflective::MofError);

izable Element is marked as a “root,” it cannot have any supertypes. [C-10] on page 108.

vableElement cannot inherit from a GeneralizableElement defined as a “leaf.” [C12] on page

109.

boolean is_leaf ()
raises (Reflective::MofError);

void set_is_leaf (in boolean new_value)
raises (Reflective::MofError);

boolea

n is_abstract ()

raises (Reflective::MofError);

void set_is_abstract (in boolean new_value)
raises (Reflective::MofError);

VisibilityKind visibility ()
raises (Reflective::MofError);

void set_visibility (in VisibilityKind new_value)
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raises (Reflective::MofError);
GeneralizableElementUList supertypes ()
raises (Reflective::MofError);
void set_supertypes (in GeneralizableElementUList new_value)
raises (Reflective::MofError);
void add_supertypes (in GeneralizableElement new_element)
raises (Reflective::MofError);
void add_supertypes_before (in GeneralizableElement new_element,
'|n Gehefra '|Zab|QE|nmc\nf hefore nlnmnnf)
raisey (Reflective::NotFound, Reflective::MofError);
void mpdify_supertypes (in GeneralizableElement old_element,
in GeneralizableElement new_element)
raisey (Reflective::NotFound, Reflective::MofError);
void remove_supertypes (in GeneralizableElement old_element)
raises|(Reflective::NotFound, Reflective::MofError);
GeneralizableElementSet all_supertypes ()
raiseqy (Reflective::MofError);
ModelBlement lookup_element_extended (in wstring name)
raisey (NameNotFound, Reflective::MofError);
ModelElementUList find_elements_by_type_extended (in Class of_type;in boolean include_subtypes)
raiseqy (Reflective::MofError);

h
7.4.4 TypedElement (abstract)

The Typedilement type is an abstraction of Model Elementsthat require atype as part of their definition. Al TypedElement
does not itgelf define a type, but is associated with a Classifier. The relationship between TypedElementsjand Classifiers
is shown in Figure 7.3 on page 53.

SuperClagses

M odel Element
Referencags
type
Provides the representation of the type supporting the TypedElement through this reference.
class: Classifier
defined byf: I SOfType::type
multiplicity: exactly one

Constraints

An Association cannot be the type of a TypedElement. [C-13] on page 109.
A TypedElement can only have a type that is visible to it. [C-14] on page 110.
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Generalizable Typed
Element +typedElement Element

4 0..*

|
+type Is Of Type
Classifier % P

1
Class Association Data Type
1sfingleton: Boolean hsDerived: Boolean

Figure 7.3 { MOF Model Classifiers

IDL

interface TypedElementClass : ModelElementClass {
// get all typed_element including Subtypes of typed_element
readonly attribute TypedElementSet all_of type_typed_element;
const sfring ASSOCIATIONS.CANNOT_BE_TYPES =
"org.omg.mof:constraint.maodel.typed_element.associations_cannot_be_types";
const sfring TYPE_MUST_BE_VISIBLE =
"org.ommg.mof:constraint.model.typed_element.type_must_be_visible";

}; /Il end of interface TypedElementClass

interface [TypedElement : TypedElementClass, ModelElement {
Classifier type’()
raiseq (Reflective::MofError);

void set_type (in Classifier new_value)
raises (Reflective::MofError);

h
7.45 Classifier

A classifier provides a classification of instances through a set of Features it contains.
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SuperClasses
GeneralizableElement

IDL

interface ClassifierClass : GeneralizableElementClass {
readonly attribute ClassifierSet all_of_type_classifier;
}; Il end of interface ClassifierClass

interface Classifier : ClassifierClass, GeneralizableElement { };
7.4.6 Class

A Class deflines a classification over a set of object instances by defining the state and behavior they exhibit. Thisis
represented| through operations, attributes, references, participation in associations, canstants, and constrajnts. Similar
concepts arf used in other environments for representing Classes and their implementations. However, in|the MOF the
class charagteristics are modeled in an implementati on-independent manner. Fof instance, an attribute of @ Classis
specified iar}iependently of any code to store and manage the attributes value. Fhe implementation simply must insure that
its behavion conforms to behavior specified by the chosen technology mapping. The MOF Class construct is more than
just an intefface specification.

SuperClagses
Classifier

Contained Elements

Class, Datallype subtypes, Attribute, Reference, Operfation, Exception, Constraint, Constant, Tag; see consfraint [C-15] on
page 110.

Attributes

isSingletor

When isSingleton is true, at most one M1 level instance of this Class may exist within the M1-level extent of the Class.

type: Boolean

multiplicity: exactly one

Constrainfs

A Class may contain only Classes, DataTypes, Attributes, References, Operations, Exceptions, Constants, Constraints,
and Tags. [C-15] on page 110.

A Class that is marked as abstract cannot also be marked as singleton. [C-16] on page 110.

IDL

interface ClassClass : ClassifierClass {
readonly attribute ClassSet all_of_type_class;
readonly attribute ClassSet all_of_class_class;
const string CLASS_CONTAINMENT_RULES =
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"org.omg.mof:constraint.model.class.class_containment_rules";

const stri

ng ABSTRACT_CLASSES_CANNOT_BE_SINGLETON =

"org.omg.mof:constraint.model.class.abstract_classes_cannot_be_singleton";

Class create_class (

/* from ModelElement */ in wstring name,
/* from ModelElement */ in wstring annotation,
/* from GeneralizableElement */ in boolean is_root,
/* from _Gen_g,r_a“iab,l_gglamanf */ m-hoaolean ic_la:\fl
/* from|GeneralizableElement */ in boolean is_abstract,
/* from|GeneralizableElement */ in ::Model::VisibilityKind visibility,
/* from|Class */ in boolean is_singleton)
raises (Reflective::MofError);
}; 11 end of [nterface ClassClass
interface [Class : ClassClass, Classifier {
boolean is_singleton ()
raiseq (Reflective::MofError);
void set_is_singleton (in boolean new_value)
raiseq (Reflective::MofError);
|3
7.4.7 DataType (abstract)
DataType i$ the superclass of the classes that represent MOR, data types and data type constructors as described in 8.2,
“MOF Valyes,” on page 139. The DataType class, its subclasses and related classes are depicted in
Figure 7.4.
+type +typedElement
Classifier Typed Element
0..* Is Of Type 1 4&
ﬁk I
Data Type Structure Field
Primitipe Structure Enumeration Type Alias Collection Type
Typ Type Tabels: ordered set Type multiplicity :
of String MultiplicityType

Figure 7.4 - MOF Data Type Elements

SuperClasses

Classifier
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Contained Elements
StructureField (for a StructureType only), Constraint, Tag. See DataTypeContainmentRules [C-17] on page 111.

Attributes
none

Constraings

Inheritance|/ generalization is not applicable to DataTypes. [C-19] on page 111.
A DataTyp¢ cannot be abstract. [C-20] on page 111.

IDL

interface DataTypeClass : ClassifierClass {
readon|ly attribute DataTypeSet all_of_type_data_type;
const 4tring DATA_TYPE_CONTAINMENT_RULES =
"ofg.omg.mof:constraint.model.data_type.data_type_containment (fules";
const gtring DATA_TYPES_HAVE_NO_SUPERTYPES =
"org.omg.mof:constraint.model.data_type.data_types_have_no_supertypes";
const gtring DATA_TYPES_CANNOT_BE_ABSTRACT =
"ofg.omg.mof:constraint.model.data_type.data_types_cafnot_be_abstract";

}; I end of interface DataTypeClass

interface DataType : DataTypeClass, Classifier {
k

7.4.8 PrimitiveType

Instances of the PrimitiveType class are used to represent primitive data types in a meta-model. The MOF has a small
number of built-in primitive data typesthat may be freely used in any meta-model. These types are defingd as instances
of PrimitivgéType that are contained by the standard “PrimitiveTypes’ package. Refer to 7.10, “The PrimifiveTypes
Package,” qn page 134 for detailS:of ‘the PrimitiveTypes package, and to 8.2, “MOF Values,” on page 139 flor more details
on data type semantics.

The MOF Quilt-in primitive data types map to different concrete data types in the context of each technollogy mapping.
Each technplogy mappifng is expected to support all of the standard built-in primitive data types.

NOTE: A meta-model may contain PrimitiveType instances other than those defined in the “PrimitiveTypes’ package. These
instances denoetetechnology specific, vendor specific or user defined primitive data types. They should not bgused in
technology neutral meta-models.

SuperClasses
DataType

Contained Elements
Constraint, Tag; see DataTypeContainmentRules [C-17] on page 111.
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IDL

interface PrimitiveTypeClass : DataTypeClass {
readonly attribute PrimitiveTypeSet all_of_type_primitive_type;
readonly attribute PrimitiveTypeSet all_of_class_primitive_type;

DataType create_primitive_type (
/* from ModelElement */
/* from ModelElement */
/* from GeneralizableElement */

in wstring name,
in wstring annotation,
in boolean is root

ISO/IEC 19502:2005(E)

/* from GeneralizableElement */
/* from GeneralizableElement */
/* from GeneralizableElement */
raiseq (Reflective::MofError);
}; 11 end of |nterface PrimitiveTypeClass

in boolean is_leaf,
in boolean is_abstract,
in ::Model::VisibilityKind visibility)

interface PrimitiveType : PrimitiveTypeClass, DataType {

h

7.4.9 CollectionType

The CollecfionType class is a type constructor for MOF collection types. A collection type is a data type whose values are
finite collegtions of instances of some base type. The base type for acallection data type is given by the [CollectionType
instance’s ‘type’ value. The ‘multiplicity’ Attribute gives the collection type’s lower and upper bounds, apd its

orderedness and unigqueness properties.

SuperClagses

DataType, TypedElement

Contained Elements

Constraint, |Tag; see DataTypeContainmentRules [C-17] on page 111.

Attributes

multiplicity

The multiplicity attribute:of a CollectionType specifies upper and lower bounds on the size of a collectipn, and gives
the *isOrdered’ and~isUnique’ flags that subclassify collections into ‘bags,’ ‘sets,” ‘lists,” and ‘ordered $ets.’

type: MultiplicityType
multiplicity: exactly one
IDL

interface CollectionTypeClass : DataTypeClass, TypedElementClass {
readonly attribute CollectionTypeSet all_of_type_collection_type;
readonly attribute CollectionTypeSet all_of_class_collection_type;

DataType create_collection_type (
/* from ModelElement */
/* from ModelElement */
/* from GeneralizableElement */
/* from GeneralizableElement */
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[*f

[*f

/*f

raises

}; Il end of i

rom GeneralizableElement */ in boolean is_abstract,

rom GeneralizableElement */ in ::Model::VisibilityKind visibility,

rom CollectionType */ in ::Model::MultiplicityType multiplicity)
(Reflective::MofError);

nterface CollectionTypeClass

interface CollectionType : CollectionTypeClass, DataType, TypedElement {
::Model::MultiplicityType multiplicity()
raises (Reflective::MofError);
Void set _mnlfiplir\ity(in ::l\llnrlal::I\II|||tip|inityTypa mnltiplir\ih}:)
raisey (Reflective::MofError);
}; /I end of |nterface CollectionType
7.4.10 EhumerationType
The EnumgrationType class is a type constructor for MOF enumeration types. An enumeration type is a data type whose
values are the elements of a finite set of enumerators. The enumeration type is specified by defining an ofdered set of
enumerator|labels.
SuperClagses
DataType
Contained Elements
Constraint, [Tag; see DataTypeContainmentRules [C-17] on page 111.
Attributes
labels
The labeld attribute of an EnumerationType_gives the names of the enumerators for the type. The label dlements must
be uniquejwithin the collection, and theit-order in the collection is significant.
type: String
multiplicity: one or more, ordered, unique
IDL
interface EnumerationiypeClass : DataTypeClass {
readonlly attribute EnumerationTypeSet all_of _type_enumeration_type;
readonlly attribute EnumerationTypeSet all_of_class_enumeration_type;
DataType'\Créate_enumeration_type (
/* from ModelElement */ in wstring name,
/* from ModelElement */ in wstring annotation,
/* from GeneralizableElement */ in boolean is_root,
/* from GeneralizableElement */ in boolean is_leaf,
/* from GeneralizableElement */ in boolean is_abstract,
/* from GeneralizableElement */ in ::Model::VisibilityKind visibility,
/* from EnumerationType */in ::PrimitiveTypes::WStringUList labels)
raises (Reflective::MofError);
}; I end of interface EnumerationTypeClass
interface EnumerationType : EnumerationTypeClass, DataType {
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::PrimitiveTypes::WStringUList labels()

rai

ses (Reflective::MofError);

void set_labels(in ::PrimitiveTypes::WStringUList labels)

rai
}; /1l end of

ses (Reflective::MofError);
interface EnumerationType

7.4.11 AliasType

The AliasT
type, given
subset is ty
“meaning”

ISO/IEC 19502:2005(E)

to that of its base type.

SuperClagses

DataType, TypedElement

Contained Elements

Constraint,

IDL

interface
readonl
readonl

DataType create_alias_type (

/*

rom ModelElement */
rom ModelElement */
om GeneralizableElement */
om GeneralizableElement */
om GeneralizableElement */
om GeneralizableElement*/

raiseq (Reflective::MofError);

}; 1l end of

interface

h
7412 S

The Structd

nterface AliasTypeClass

fructureType

Tag; see DataTypeContainmentRules [C-17] on page 111.

AliasTypeClass : DataTypeClass, TypedElementClass {
y attribute AliasTypeSet all_of_type_alias_type;
y attribute AliasTypeSet all_of_class_alias_type;

in wstring-name,

in wstring annotation,

in boolean is_root,

in'boolean is_leaf,

in"boolean is_abstract,

in ::Model::VisibilityKind visibility)

AliasType : AliasTypeClass, DataType, TypedElement {

pe classis atype constructor for MOF alias types. An alias type is a subtype of some other MOQF class or data
by the ‘type’ value of the AliasType instance; i.e., a subset of the values of the type given by|its ‘type.” This
pically specified by attaching a Constraint to the AliasType instance. An alias type may, eonvey a different

rabvnaclase ic o tvuna caonctriictar far MOE ctriictiira data fvnac A ctriictiira funa ic o tonla v (I e.a
FeYPe-CraSS1+5aty Pe-CoRStHHEtO O Tvirom—StHEttr-E-Betaty PES——StHuetuare-ty pe+Satapre+typPe (1.6,

cartesian product) consisting of one or more fields. The fields are defined by StructureField instances contained by the
StructureType instance.

SuperClasses

DataType

Contained Elements

StructureField, Constraint, Tag; see DataTypeContainmentRules [C-17] on page 111.
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Constraints
A StructureType must contain at least one StructureField. [C-59] on page 124.

IDL

interface StructureTypeClass : DataTypeClass {
readonly attribute StructureTypeSet all_of_type_structure_type;
readonly attribute StructureTypeSet all_of_class_structure_type:
const 4tring MUST_HAVE_FIELDS =
"ofg.omg.mof:constraint.model.structure_type.must_have_fields";
DataType create_structure_type (
/* from ModelElement */ in wstring name,
/* from ModelElement */ in wstring annotation,
/* from GeneralizableElement */ in boolean is_root,
/* from GeneralizableElement */ in boolean is_leaf,
/* from GeneralizableElement */ in boolean is_abstract,
/* from GeneralizableElement */ in ::Model::VisibilityKind visibility)
raisey (Reflective::MofError);
}; I end of interface StructureTypeClass

interface SfructureType : StructureTypeClass, DataType { };
7.4.13 StructureField
The StructyreField class is used to specify the fields of a StructureType instance.

SuperClagses

TypedElempnt

Contained Elements
Constraint, [Tag; see StructureFieldContainmentRules [C-58] on page 124.

IDL

interface SfructureFieldClass.: TypedElementClass {
readonfy attribute StructureFieldSet all_of_type_structure_field;
readon|ly attribute StructureFieldSet all_of_class_structure_field;
const 4tring STRUCTURE_FIELD_CONTAINMENT_RULES =
"ofg.omg.mof:constraint.modelstructure_field.structure_field_containment_rule";
StructyreField create_structure_field (
[%from ModelFlement */ in wstring name
/* from ModelElement */ in wstring annotation)
raises (Reflective::MofError);
}; Il end of interface StructureFieldClass

interface StructureField : StructureFieldClass, TypedElement { );
7.4.14 Feature (abstract)

A Feature defines a characteristic of the ModelElement that contains it. Specifically, Classifiers are defined largely by a
composition of Features. The Feature Class and its sub-Classes are illustrated in Figure 7.5.
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Model Element

A

Namespace

Feature

Typed Efgment

scope : ScopeKind
visibility :
VisibilityKind

T

Behavioral Feature

T

Sructural Featuré

A\1”4

isChangeable
Boolean

multiplicity :
MultiplicityType

Operation Exception ZF
isQuery :
Boolean .
Attribute Reference
+ i 0. 0.% +except 5 )
operation - isDerived :
Ordered Boolean
CanRaise
Figure 7.5 { Feature Classe$S of'the MOF Model
SuperClagses
M odel Element
Attributes
61
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scope

The scope defines whether a Feature supports the definition of instances of the Classifier owning the Feature or of the
Classifier as a whole. When scope is instancel evel, the Feature is accessed through instances of the Feature’s owning
Classifier; when scope is classifier, the Feature is accessed through the Classifier itself (or through its instances). For
Structural Features, a scope of instanceLevel indicates that a value represented by the Structural Feature is associated
with each instance of the Classifier; a scope of classifierLevel indicates that the Structural Feature value is shared by the
Classifier pnd alT 11s INStances.

type: ScopeKind
multiplicity: exactly one
visibility

In the futdre, this Attribute will be used to limit the ability of Model Elements outSide’of this Feature’s gontainer to
make use of it; see 7.6.3, “VisibilityKind,” on page 97. The rules of visibility ofMOF Model Elements ar¢ not currently
specified.

type: VisibilityKind
multiplicity: exactly one
IDL

interface FeatureClass : ModelElementClass {
readonlly attribute FeatureSet all_of _type_feature;
}; I end of interface FeatureClass

interface Feature : FeatureClass, ModelElement {

ScopeKlind scope ()
raises (Reflective::MofError);

void se{_scope (in ScopeKind new" value)
raisey (Reflective::MofError);

VisibilityKind visibility ()
raises (Reflective::MofError);

void se{_visibility (in VisibilityKind new_value)
raiseq (Reflective::MofError);

h

7.4.15 StructuralFeature (abstract)

—ant dafi otat {2 '3 = £+l Madall=l + 4l vV 2at] Tk dierlo it ol
A StI’UCtUI' CattFe-aeHRESa-StatH-c-CRaFacteHSHE-othevroger=reehRtthat-CotaHSH—rRe-attHBt€eSahRt I’efel’enCeS Of a

Class define structural properties, which provide for the representation of the state of its instances.

SuperClasses
Feature, TypedElement

Attributes
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Multiplicity defines constraints on the collection of instances or values that a Structural Feature can hold. Multiplicity
defines a lower and upper bound to the cardinality of the collection, although the upper bound can be specified as

Unbounded. Additionally multiplicity defines two other characteristics of the collection: 1) a constraint on collection
member ordering, and 2) a constraint on collection member uniqueness.

Specifical [y, MUITipITCity contains an 1sordered 11eld. When isordered 1S true, then the ordering of the
set are praserved. Typically, a mechanism is provided for adding elements to the collection positionally.
also has ap isUnique field. When isUnique is true, then the collection is constrained to hold no more tha
value or instance.

ements in the
Multiplicity
In one of any

type:

MultiplicityType

multiplicity: exactly one

isChangeaple

generated.
operationg
would hay

The isChgngeabl e attribute places restrictions on the use of certain operations, which could change the S
instances of the Structural Feature, and on the operations that will get’generated in IDL or other languag
For any elpboration, no means are automatically created that providesia means of atering the attribute val
is generatgd, for instance, the operations, that are normally generated for changing the Structural Feature
However, isChangeable does not actually constrain'the Structural Feature to make it immutablle. Any

explicitly defined in a model may change the Structural Feature values or instances (assuming
e otherwise been able to do so).

bt of values or
b generation.
ue. When IDL

will not be

the operation

type:

Boolean

multiplicity: exactly-one

IDL

interface S
readon

}; Il end off interface StructuralFeatureClass

interface
Multipli
raise
void se
raise

ructuralFeatureClass ; FeatureClass, TypedElementClass {
y attribute Structurat=eatureSet all_of_type_structural_feature;

StructuralFeature : StructuralFeatureClass, Feature, TypedElement {
City Type mudtiplicity ()

5 (Refleetive::MofError);

multiplicity (in MultiplicityType new_value)

5 (Reftective::MofError),

boolear

iSv'changeable ()

raises (Reflective::MofError);
void set_is_changeable (in boolean new_value)

raises

h

7416 A

(Reflective::MofError);

ttribute

(idl_substitute_name “MofAttribute”)

An Attribute (referred to as a MofAttribute in the mapped IDL) defines a Structural Feature that contains values for
Classifiers or their instances.
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SuperClasses
Structural Feature

Contained Elements

None (not a Namespace)

Attribute

isDerived

A derived|attribute is one whose values are not part of the state of the object instance, but whose valueq can be
determinegl or computed. In a sense, al attributes are derived, since it is up to the class simplementatiop to hold or
calculate the values. However, by convention, isDerived indicates that the derived state iS\based on other {nformation in
the model{ Modification of the derived Attribute causes the information upon whigh\the Attribute is derijved to be
updated.

type: Boolean
multiplicity: exactly one
IDL

interface MpfAttributeClass : StructuralFeatureClass {
readonlly attribute MofAttributeSet all_of_type_mof_attribute;
readonlly attribute MofAttributeSet all_of_class_mofiGattribute;

MofAttriute create_mof_attribute (

/* from|ModelElement */ in wstring name,

/* from|ModelElement */ inwstring annotation,

/* from|Feature */ in_:’Model::ScopeKind scope,

/* from|Feature */ in ::Model::VisibilityKind visibility,

[* from|StructuralFeature */ in ::Model::MultiplicityType multiplicity,
[* from|StructuralFeature */ in boolean is_changeable,

/* from|MofAttribute */ in boolean is_derived)

raiseq (Reflective::MofError);
}; /1 end of interface MofAttributeClass

interface MofAttribute "MofAttributeClass, StructuralFeature {
boolear] is_derived ()
raises (Refleetive::MofError);
void sel_isderived (in boolean new_value)
raises(Reflective:-MofFrror):

b
7.4.17 Reference

A Reference defines a Classifier’s knowledge of, and access to, links and their instances defined by an Association.
Although a Reference derives much of its state from a corresponding AssociationEnd, it provides additional information;
therefore, the MOF cannot adequately represent some meta-models without this mechanism. The inherited attributes
defined in Structural Feature (multiplicity and is_changeable) are constrained to match the values of its corresponding
AssociationEnd. However, it has its own visibility, name, and annotation defined. For further discussion on Reference, its
purpose, and how it derives its attributes, see 7.2.2, “Associations,” on page 34.

64 © ISO/IEC 2005 - All rights reserved


https://iecnorm.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

NOTE: When creating a Reference, values for the inherited attributes of multiplicity and is_changeable must be supplied.
These must be the same as the corresponding attributes on the A ssociationEnd to which the Reference will subsequently be
linked.

SuperClasses
Structural Feature

Referencds

o

exposedEn

The exposedEnd of a Reference is the AssociationEnd representing the end of the Reference’s.owning Clpssifier within
the definimg Association.

class AssociationEnd
defined by: Exposes::exposedEnd
multiplicity: exactly one
changeablie: yes

referencedfgnd

The refergncedEnd of a Reference is the end representing the'set of LinkEnds of principle interest to the Reference.
The Referpnce provides access to the instances of that A'ssociationEnd's class, which are participants in [that
AssociatignEnd’s Association, connected through thaf\AssociationEnd’s LinkEnds. In addition, the Refefence derives
the majorifty of its state information - multiplicity,‘etc., from that Reference.

class: AssociationEnd

defined by: RefersTo::referencedEnd
multiplicity: exactly one

changeablie: yes

Constraints

The multiplicity for a Reference must be the same as the multiplicity for the referenced AssociationEnd. [C-21] on page
112.

Classifier scoped-References are not meaningful in the current M1 level computational model. [C-22] on |page 112.

A Reference can be changeable only if the referenced AssociationEnd is also changeable. [C-23] on page 112.
The type attribute of a Reference and its referenced AssociationEnd must be the same. [C-24] on page 113.
A Reference is only allowed for a navigable AssociationEnd. [C-25] on page 113.

The containing Class for a Reference must be equal to or a subtype of the type of the Reference’s exposed
AssaciationEnd. [C-26] on page 113.

The referenced AssociationEnd for a Reference must be visible from the Reference. [C-27] on page 114.
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IDL

interface ReferenceClass : StructuralFeatureClass {
readonly attribute ReferenceSet all_of_type_reference;
readonly attribute ReferenceSet all_of _class_reference;
const string REFERENCE_MULTIPLICITY_MUST_MATCH_END =
"org.omg.mof:constraint.model.reference.reference_multiplicity_must_match_end";
const string REFERENCE_MUST_BE_INSTANCE_SCOPED =
"org.omg.mof:constraint. model.reference.reference must be instance scoped";
const sfring CHANGEABLE_REFERENCE_MUST_HAVE_CHANGEABLE_END =
"org.omg.mof:constraint.model.reference.changeable_reference_must_have_changeable_end";
const sfring REFERENCE_TYPE_MUST_MATCH_END_TYPE =
"org.omg.mof:constraint.model.reference.reference_type_must_match_end_type";
const sfring REFERENCED_END_MUST_BE_NAVIGABLE =
"org.omg.mof:constraint.model.reference.referenced_end_must_be_navigable";
const sfring CONTAINER_MUST_MATCH_EXPOSED_TYPE =
"org.omg.mof:constraint.model.reference.container_must_match_exposed_type"}
const sfring REFERENCED_END_MUST_BE_VISIBLE =
"org.omg.mof:constraint.model.reference.referenced_end_must_be_visille}’;

Referen|ce create_reference (

/* from|ModelElement */ in wstring name,

/* from|ModelElement */ in wstring annotation;

/* from|Feature */ in ::Model::ScopeKind scope,

/* from|Feature */ in ::Model::VisibilityKind visibility,

[* from|StructuralFeature */ in ::Model::Multiplicity Type, multiplicity,
[* from|StructuralFeature */ in boolean {8, changeable)

raisey (Reflective::MofError);
}; /1 end of interface ReferenceClass

interface Reference : ReferenceClass, StructuralFeature {

AssociationEnd exposed_end ()
raiseqy (Reflective::MofError);

void se{_exposed_end (in AssociationEnd new_value)
raisey (Reflective::MofError);

AssocigtionEnd referenced_end ()
raiseqy (Reflective::MofError);

void sel_referenced_end(inFAssociationEnd new_value)
raiseqy (Reflective::MefEfror);

b

7.4.18 BghayioralFeature (abstract)

A BehaviorialEcature defines a dynamic characteristic of the Model Element that contains it. Becaise a Belhavioral Feature
is partially defined by the Parameters it contains, it is both a Feature and a Namespace.

SuperClasses

Feature, Namespace

IDL
interface BehavioralFeatureClass : FeatureClass, NamespaceClass {

readonly attribute BehavioralFeatureUList
all_of_type_behavioral_feature;
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}; /1 end of

ISO/IEC

interface BehavioralFeatureClass

interface BehavioralFeature :

Behav

ioralFeatureClass, Feature , Namespace {};

7.4.19 Operation

19502:2005(E)

An Operation defines a dynamic feature that offers a service. The behavior of an operation is activated through the

invocation

SuperCla
Behavioral

Df the operation.

$SES

Feature

Contained Elements

Parameter,

Attributes

isQuery

Constraint; see OperationContainmentRules [C-28] on page 114.

of the obj

implemen

This attrib

Defining gn Operation with an isQuery value of true denotes that‘the behavior of the operation will not

¢ct. The state of a Classifier, for this definition, is.the'set of values of all of the Classifier's cl

instance-sgope Structural Features.

For instanfe, an Operation of a Class, defined with-aiscope of instance, will not change the values or in
instance-sf
with a scg

ation is expected to uphold. An operation that is not defined as isQuery equals false is not gu

change th¢ state of its object.\The isQuery constraint does not proscribe any specific implementation, sg long as the

cope Structural Feature of the Class instance, as a result of invoking this Operation. An Operatjon of a Class
pe of classifier will not change thevalues or instances of any of the classifier-scope StructuralFeatures or
instance-stope Structural Features.

ute does not define a constraint enforced by the model, but rather a promise that the operationy's

plter the state
hss-scope and

stances of any

Aranteed to

definition|of isQuery above-is observed.
type: Boolean
multiplicity: exactly one
Referencgs
exceptions

An Operation, upon encountering an error or other abnormal condition, may raise an Exception. The exceptions

reference provides the Operation with the set of Exceptions it is allowed to raise.
class: Exception

defined by: CanRai se::except

multiplicity: zero or more, ordered
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Constraints
An Operation may only contain Parameters, Constraints, and Tags. [C-28] on page 114.

An Operation may have at most one Parameter whose direction is “return.” [C-29] on page 114.

The Exceptions raised by an Operation must be visible to the Operation. [C-30] on page 115.

IDL

interface OperationClass : BehavioralFeatureClass {
readonlly attribute OperationSet all_of_type_operation;
readonlly attribute OperationSet all_of_class_operation;
const sfring OPERATION_CONTAINMENT_RULES =
"org.omg.mof:constraint.model.operation.operation_containment_rules";
const sfring OPERATIONS_HAVE_AT_MOST_ONE_RETURN =
"org.omg.mof:constraint.model.operation.operations_have_at_most_one_retufn”;
const sfring OPERATION_EXCEPTIONS_MUST_BE_VISIBLE =
"org.omg.mof:constraint.model.operation.operation_exceptions_must_be~visible";

Operatioh create_operation (

/* from|ModelElement */ in wstring name,

/* from|ModelElement */ in wstring annotation,

/* from|Feature */ in ::Model::ScopeKind scope,

/* from|Feature */ in ::Model::VisibilityKind\visibility,
[* from|Operation */ in boolean is_query)

raipes (Reflective::MofError);
}; I end of Interface OperationClass

interface Operation : OperationClass, BehavioralFeature {
boolear] is_query ()
raises (Reflective::MofError);
void se{_is_query (in boolean new_value)
raiseqy (Reflective::MofError);
MofExcpptionUList exceptions ()
raises (Reflective::MofError);
void sgt_exceptions (in MofExceptionUList new_value)
raiseqy (Reflective::MofError);
void adfl_exceptions (in MofException new_element)
raisey (Reflective;:MafError);
void adfl_exceptionS_before (in MofException new_element, in MofException before_element)
raisey (Reflective::NotFound, Reflective::MofError);
void mpdify~exceptions (in MofException old_element,
in MofException new_element)
raises(Reflective - -NaotFound Reflective-MofError):
void remove_exceptions (in MofException old_element)
raises (Reflective::NotFound, Reflective::MofError);

I3
7.4.20 Exception (idl_substitute_name “MofException”)

An Exception (referred to as a MofException in the mapped IDL) defines an error or other abnormal condition. The
Parameters of an Exception hold a record of an occurrence of the exceptional condition.
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SuperClasses
Behavioral Feature

Contained Elements
Parameter; see ExceptionContainmentRules [C-31] on page 115.

Constraints

An Exceptipn may only contain Parameters and Tags. [C-31] on page 115.

An Exceptipn’s Parameters must all have the direction “out.” [C-32] on page 115.

IDL

interface MofExceptionClass : BehavioralFeatureClass {
readonly attribute MofExceptionSet all_of type_mof_exception;
readonly attribute MofExceptionSet all_of class_mof_exception;
const sfring EXCEPTION_CONTAINMENT_RULES =
"org.omg.mof:constraint.model.mof_exception.exception_containmentyrules”;
const sfring EXCEPTIONS_HAVE_ONLY_OUT_PARAMETERS =
"org.ommg.mof:constraint.model.mof_exception.exceptions_havedonly_out_parameters";

MofException create_mof_exception (
/* from ModelElement */ in wstring name,
/* from ModelElement */ in wstring annotation,
/* from Feature */ in ::Model::ScopeKind scope,
[* from Feature */ in ::Model::VisibilityKind visibility)
raiseq (Reflective::MofError);
}; I end of |nterface MofExceptionClass

interface MofException : MofExceptionClass, BehavioralFeature {};
7.4.21 Association

An associafion defines a classification over a set of links, through a relationship between Classifiers. Each link that is an
instance of [the association denotes a connection between object instances of the Classifiers of the Associgtion. The MOF
restricts asgociations to binary, restricting each link to two participating objects. This restriction also meaps that the
association|is defined-bétween two Classifiers (which may be the same Classifier). The name of the Assgciation is
considered [directional-if it provides a clearer or more accurate representation of the association when statied with one
participating classjfirst rather than the other. For instance, Operation CanRaise Exception is correct; Exception CanRaise
Operation isincorrect.

An Association contains at least two AssociationEnds, each of which has a Class asits “type.” A Class has knowledge of
its participation in an Association if it contains a Reference that is related to the Association’s Ends, as shown in
Figure 7.6. The “type” of a Reference must be the “type” of the AssociationEnd that is the Reference’s “referencedEnd.”
The “type” of the Reference’s “exposedEnd” must be the Reference’s containing Class, or a supertype of that Class.
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Model Element
| | |
Namespace Feature Typed Element
Genleralizable
Bl ement Sructural Association End
Feature isNavigablew; Boolean
aggregation' : AggregatipnKind
Classitier multiplieity : MultiplikityType
isChangéable : Boolean
otherEnd ()
1 1
ASsociation 0. +referencedEnd +exposedEnd
Reterence
isDgrived : RefersTo
Boolean
+referent
+referrer | 0..% /Exposas

Figure 7.6 1 MOF Model Elements for Associations

SuperClagses

Classifier

Contained Elements

AssociationEnd, Constraint; see AssociationContainmentRules [C-33] on page 116.

Attributes

isDerived

A derived|assoeiation has no Links as instances. Instead, its Links are derived from other information in g meta-model.
The additipn, removal, or modification of a derived Association’s Link causes the information upon which the

Association is derived to be updated. The results of such an update are expected to appear, upon subsequent access of
the derived Association’s Links, to have the same effect as an equivalent operation on an Association that is not

derived.
type: Boolean
multiplicity: exactly one

Constraints

An Association may only contain AssociationEnds, Constraints, and Tags. [C-33] on page 116.
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Inheritance / generalization is not applicable to Associations. [C-34] on page 116.

The values for “isLeaf” and “isRoot” on an Association must be true. [C-35] on page 116.
An Association cannot be abstract. [C-36] on page 117.

Associations must have visibility of “public.” [C-37] on page 117.

An Association must not be unary; that is, it must have at least two AssociationEnds. [C-38] on page 117.

IDL

interface AgsociationClass : ClassifierClass {
readonly attribute AssociationSet all_of_type_association;
readonly attribute AssociationSet all_of_class_association;
const sfring ASSOCIATIONS_CONTAINMENT_RULES =
"org.omg.mof:constraint.model.association.associations_containment_rules";
const sfring ASSOCIATIONS_HAVE_NO_SUPERTYPES =
"org.omg.mof:constraint.model.association.associations_have_no_supertypes";
const sfring ASSOCIATIONS_MUST_BE_ROOT_AND_LEAF =
"org.omg.mof:constraint.model.association.associations_must_be_foot_and_leaf";
const sfring ASSOCIATIONS_CANNOT_BE_ABSTRACT =
"org.omg.mof:constraint.model.association.associations_cannqt_ be_abstract";
const sfring ASSOCIATIONS_MUST_BE_PUBLIC =
"org.omg.mof:constraint.model.association.associations.must_be_public";
const sfring ASSOCIATIONS_MUST_BE_BINARY =
"org.omg.mof:constraint.model.association.associations_must_be_binary";

Association create_association (

/* from{ModelElement */ inwstring name,

/* from{ModelElement */ inrwstring annotation,

/* from|GeneralizableElement */ ih boolean is_root,

/* from|GeneralizableElement */ in boolean is_leaf,

/* from|GeneralizableElement */ in boolean is_abstract,

/* from|GeneralizableElement */ in ::Model::VisibilityKind visibility,
/* from[Association */ in boolean is_derived)

raises (Reflective::MofError);
}; /1 end of |nterface AssociationClass

interface Agsociation ;-/AssociationClass, Classifier {

boolean is_derived ()
raises (Reflective::MofError);
void sef_iS/derived (in boolean new_value)

raises{ReflectiverMotErrer:

h

7.4.22 AssociationEnd

An association is composed of two AssociationEnds. Each AssociationEnd defines a Classifier participant in the
Association, the role it plays, and constraints on sets of the Classifier instances participating. An instance of an

AssociationEnd is a LinkEnd, which defines a relationship between a link, in instance of an Association, and an instance
of the AssociationEnd’s Classifier, provided in its type attribute.
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SuperClasses

TypedElement

Attributes

isNavigable
The isNavfgabie artribure determines Whether or not the ASSocialioneEnd SUpports MK Mavigation.— T has two
implicatiops:
* A Class(defined with an appropriate Reference supports navigation of links from one Class instance to another. If isNavigable is

false for[an AssociationEnd, no such References may be created.

» Setting isNavigable to false also suppress as a mapping’s mechanisms for indexing links based onrthi’s A ssociatignEnd.
type: Boolean
multiplicity: exactly one

aggregatiop
Certain aspociations define aggregations - directed associations with additional semantics (see 8.10, “Aggregation
Semanticg” on page 152). When an AssociationEnd is defined as gothposite or shared, the instance at “this’ end of a
Link is th¢ composite or aggregate, and the instance at the “other” end is the component or subordinate.
type: AggregationKind
multiplicity: exactly one

multiplicity
Multiplicity defines constraints on sets of instances. Each instance of the Classifier defined by the oppogite
AssociatignEnd’s type defines a set that thismultiplicity attribute constrains. Given one of those instancss, x, the set is
defined ad the instances connected by LinkEnds of this AssociationEnd to that instance x. Refer to 7.6.1,
“PrimitivgTypes used in the MOE Model,” on page 96 for a description on how the multiplicity attributé constrains a
set. In its pise is describing AssociationEnds, isUnique has been constrained to be true, as a simplificatign. This
constraint [means that the same-two instances cannot participate in more than one Link while participatir)g under the
same AssgciationEnd. Narmally, two instances cannot be linked by more than one Link of an Associatign at all. But
when the A ssociationEnd types allow the two instances switch ends, they can form a second Link without violating the
isUnique ¢onstraint.
type: MultiplicityType
multiplicith exacthrone
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isChangeable

The isChangeabl e attribute restricts the capability to perform actions that would modify sets of instances corresponding

to this AssociationEnd (the same sets to which multiplicity is applied). Specifically, the set may be created when the

instance defining the set - the instance at the opposite end of the Links - is created. This attribute does not make the set

immutable. Instead, it affects the generation of operations in Model Elaboration that would allow modification of the

set. For IDL generation, the only operation that alows the set to be modified would be one or more factory operations

that creatd
the set. N

bte that defining this AssociationEnd with isChangeable equals false places restrictions o the

of the oth¢r AssociationEnd, due to their interdependence.

the Instance and create the set. 1'ne modeler IS Tree 10 derine SpeciTic operations thal allow, m

odification of

changeability

type: Boolean
multiplicity: exactly one
Operations
otherEnd
Provides the other AssociationEnd (i.e., not this one) in the enclosing A'ssociation.
return type: AssociationEnd
isQuery: yes
parameteris: none
oper ation [semantics: [S-2] on page 125

Constraiths

The type o
The “isUni
An AssocCia

An AssoCia

IDL

interface A
readonly|

an AssociationEnd must be Class.\[C-39] on page 117.
ue” flag in an AssociationEnd's multiplicity must be true. [C-40] on page 118.
tion cannot have two_AssociationEnds marked as “ordered.” [C-41] on page 118.

tion cannot have@n-aggregation semantic specified for both AssociationEnds. [C-42] on page

5sociationEndClass : TypedElementClass {
attribute AssociationEndSet all_of_type_association_end;

readonly|

attribute AssociationEndSet all_of_class_association_end;

118.

const str

g END_TYPE_MUST_BE_CLASS =

"org.omg.mof:constraint.model.association_end.end_type_must_be_class";

const string ENDS_MUST_BE_UNIQUE =
"org.omg.mof:constraint.model.association_end.ends_must_be_unique";

const string CANNOT_HAVE_TWO_ORDERED_ENDS =
"org.omg.mof:constraint.model.association_end.cannot_have_two_ordered_ends";

const string CANNOT_HAVE_TWO_AGGREGATE_ENDS =
"org.omg.mof:constraint.model.association_end.cannot_have_two_aggregate_ends";

AssociationEnd create_association_end (

r*f

rom ModelElement */ in wstring name,
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/* from ModelElement */ in wstring annotation,

/* from AssociationEnd */ in boolean is_navigable,

/* from AssociationEnd */ in ::Model::AggregationKind aggregation,
/* from AssociationEnd */ in ::Model::MultiplicityType multiplicity,

/* from AssociationEnd */ in boolean is changeable)

raises (Reflective::MofError);

}; Il end of i

interface A
boolear
raise
void se
raises
Aggreg
raise
void se
raiseg
Multipli
raises
void se
raise
boolear
raisesg

nterface AssociationEndClass

S lati : 1ati lement {
T

is_navigable ()

b (Reflective::MofError);

_is_navigable (in boolean new_value)
(Reflective::MofError);

htionKind aggregation ()

b (Reflective::MofError);

_aggregation (in AggregationKind new_value)
(Reflective::MofError);

City Type multiplicity ()
(Reflective::MofError);

__multiplicity (in MultiplicityType new_value)
b (Reflective::MofError);

is changeable ()

(Reflective::MofError);

void sqt is changeable (in boolean new value);
AssociationEnd other_end ()

raise
}; I end of

7423 P

A Package

b (Reflective::MofError);
nterface AssociationEnd

ackage

composed gnd related in the following ways:

» A Pgckage can contain nested Packages via the Contains association.

» A Package can inherit from-ather Packages via the Generalizes association.

« A Pgckage can import.or cluster other Namespaces, including Packages via an Import

74

s a container for a collection of related Model Elements that form a logical meta-model. Packages may be

and the Aliases|association.
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The model elements for representing Packages are shown in Figure 7.7.

Model Element

A

ISO/IEC 19502:2005(E)

Namespace Import
visibility : VisibilityKind
1 Al 0 isClustered : Bool€&an
1ases .-
(5eneralizable
+importer
Element +imported
Package

Figure 7.7-

SuperClas

MOF Model Packaging

ses

Generalizalpl eElement

Contained

Package, C
page 119.

Operation

none

Elements

"

Constraints

A Package
and Tags. [

Packages c

C-43] on page-119.
bnnot_be-declared as abstract. [C-44] on page 119.

IDL

ass, Association, DataType, Exception,lrmport, Constraint, Constant; see PackageContai nmentH

may only contain-Packages, Classes, DataTypes, Associations, Exceptions, Constants, Constrg

Rules [C-43] on

ints, Imports,

interface PackageClass : GeneralizableElementClass {

readon
readon

ly attribute PackageSet all_of _type_package;
ly attribute PackageSet all_of _class_package;

const string PACKAGE_CONTAINMENT_RULES =
"org.omg.mof:constraint.model.package.package_containment_rules";
const string PACKAGES_CANNOT_BE_ABSTRACT =
"org.omg.mof:constraint.model.package.packages_cannot_be_abstract";
Package create_package (

*f
*f

rom ModelElement */ in wstring name,

rom ModelElement */ in wstring annotation,
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/* from GeneralizableElement */ in boolean is_root,

/* from GeneralizableElement */ in boolean is_leaf,

/* from GeneralizableElement */ in boolean is_abstract,

/* from GeneralizableElement */ in ::Model::VisibilityKind visibility)

raises

(Reflective::MofError);

}; Il end of interface PackageClass

3

interface Package : PackageClass, GeneralizableElement {

7.4.24 Import

An Import gllows a Package to make use of Model Elements defined in some other Namespace)y An Impoit object is

related to another Namespace via the Aliases association. When a Package contains an Import object, it i
associated INamespace. This means that Model Elements defined within the imported Namespace are visib

importing H

An Import Allows the visibility of the imported Package's contained Model Elements to be further restricts
object represents either Package importing or Package clustering, depending.ob the “isClustered” attribut

ackage.

mports the

einthe

ed. An Import

D

SuperClagses

M odel Element

Attributes

visibility
In the futyre, this Attribute will modify the visibility of imported ModelElements in the context of the importing
Namespace. For a description of visibility kinds, see 7.6.3, “VisibilityKind,” on page 97. The MOF rules of visibility
are not cufrently specified.
type: VisibilityKind
multiplicity: exactly one

isClustergd
The isClugtered flag determines whether the Import object represents simple Package importation, or Package
clustering
type: Boolean
multiplicity: exactly one
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References

importedNamespace
The Import knows about the Namespace that it references.
class: Namespace
defined by: Aliases::imported
multiplicity: exactly one

Constraints

The Namegpace imported by an Import must be visible to the Import’s containing Package.{[€-45] on page 119.
It is only Iggal for a Package to import or cluster Packages or Classes. [C-46] on page 120.
Packages cannot import or cluster themselves. [C-47] on page 120.

Packages cannot import or cluster Packages or Classes that they contain. [C-48] on page 120.

Nested Packages cannot import or cluster other Packages or Classes. [C-49] on page 121, [C-9] on page 108.

IDL

interface ImportClass : ModelElementClass {

readonly attribute ImportSet all_of_type_import;
readonly attribute ImportSet all_of_class_import;

const stiing IMPORTED_NAMESPACE_MUST_BEVISIBLE =
"org.omg.mof:constraint.model.import.imported_namespace_must_be_visible";

const stfing CAN_ONLY_IMPORT_PACKAGES*AND_CLASSES =
"org.omg.mof:constraint.model.import.can’ only_import_packages_and_classes";

const stifing CANNOT_IMPORT_SELF =
"org.omg.mof:constraint.model.import.cannot_import_self";

const stifing CANNOT_IMPORT_NESTED_COMPONENTS =
"org.ommg.mof:constraint.model.import.cannot_import_nested_components”;

const stifing NESTED_PACKAGES_CANNOT_IMPORT =
"org.omg.mof:constraint.model.import.nested_packages_cannot_import";

Import ¢reate_impoant'(

/* from ModelElement */ in wstring name,

/* from MadelElement */ in wstring annotation,

[* from, Import */ in ::Model::VisibilityKind visibility,
[* fiom{mport */ in boolean is_clustered)

raisestReftectiveMofError);
}; /Il end of interface ImportClass

interface Import : ImportClass, ModelElement {

VisibilityKind visibility ()
raises (Reflective::MofError);

void set_visibility (in VisibilityKind new_value)
raises (Reflective::MofError);

boolean is_clustered ()
raises (Reflective::MofError);

void set_is_clustered (in boolean new_value)
raises (Reflective::MofError);
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Namespace imported_namespace ()
raises (Reflective::MofError);

void set_imported_namespace (in Namespace new_value)
raises (Reflective::MofError);

¥
TmodelElement | NVode EfeMent | fconstrainedElement
AttachesTo _
; 1\Constrams
0..*
orderg¢ T C F
ag onstran
Typed Element
tagIff : String expression : String
valups : list of String language : String 0..*
evaluatlonPIol:Lcly : reonktyaint /\
EvaluationKind
Constant Parametper
value : String direction : DifectionKind
multiplicity :
MultiplicitlyType

Figure 7.8 { MOF Model - Other Elements

7.4.25 Pprameter

A parameter provides a meansof. communication with operations and other Behavioral Features. A paramgter passes or
communicates values of its defined type.

SuperClagses
TypedElempnt

Attributes

direction

This attribute specifies the purpose of the parameter; to input a value, to output a value, both purposes, or to provide an
operation return value.

type: DirectionKind

multiplicity: exactly one
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multiplicity

Multiplicity defines cardinality constraints on the set of instances or values that a Parameter can hold. Multiplicity
defines a lower and upper bound on the set, although the upper bound can be specified as Unbounded. Additionally,
multiplicity defines two other characteristics of the set: 1) constraints on set member ordering, and 2) constraints on
unique set elements. Specifically, Multiplicity contains an isOrdered field. When isOrdered is true, the ordering of the
elements in the set are preserved. Multiplicity also has an isUnique field. When isUnique is true, the set is constrained
to hold ndmore than one of any value or Instance.

type: MultiplicityType
multiplicity: exactly one
IDL

interface ParameterClass : TypedElementClass {
readonly attribute ParameterSet all_of_type_parameter;
readonly attribute ParameterSet all_of_class_parameter;

Parameter create_parameter (

/* from ModelElement */ in wstring name,

/* frodm ModelElement */ in wstring annotation,

/* from Parameter */ in ::Model::DirectionKindvdirection,

[* frdm Parameter */ in ::Model::Multiplicity Type multiplicity)

raises (Reflective::MofError);
}; Il end of interface ParameterClass

interface Parameter : ParameterClass, TypedElement{

DirectignKind direction ()
raises (Reflective::MofError);

void set_direction (in DirectionKind new *value)
raiseq (Reflective::MofError);

Multiplicity Type multiplicity ()
raiseq (Reflective::MofError);

void set_multiplicity (in MultiplicityType new_value)
raises (Reflective::MofErrer);

h
7.4.26 Constraint
A Constraipt defines a rule that restricts the state or behavior of one or more elements in the meta-model} When a

Constraint |s attached to a Model Element, the rule it encodes applies to all relevant instances of the ModglElement in a
model.

A Constraint rule, represented by the “expression” attribute, may be encoded in any form. The “language” attribute may
be used to denote the language and encoding scheme used.

While some Constraints on a model may need to be treated as invariant, it is often convenient for other Constraints to be
relaxed, for instance while a model is being edited. While, the “evaluationPolicy” attribute is used to represent these two
cases, thisinformation is at best advisory, since the MOF specification does not currently state how and when Constraints
should be enforced.
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NOTE: A Constraint cannot override structural integrity rules defined by other parts of a meta-model (e.g., multiplicity
specifications) or the integrity rules defined by a particular mapping of the meta-model to implementation technology.

SuperClasses
M odel Element

Attributes

expression

The Consffraint’s expression attribute contains a textual representation of the constraint. The MOF has ng specific
reguirement that an implementation must be able to interpret this expression, or to validate.it-against the language
attribute. The meaning of the expression will depend on the language used.

type String
multiplicity: exactly one
language

A Constrgnt’s language attribute gives the name of textual languagejyused in the constraint expression.

type: String

multiplicity: exactly one

evaluationPolicy

Each congraint can be defined as immediate or deferred. For immediate Constraints, the constraint violation will be
detected and reported within an operation in the chain of operations between the operation initiated by the MOF user
and the operation that caused the constraint violation. The effect of an operation that violates an immedifate constraint
on the stafe of the object or objects being altered is implementation specific, and possibly undefined. Hgwever, if
possible, an implementation should reverse the effects of the operation.

For deferrpd Constraints, the constraint violation can only be detected when the Constraint is explicitly gvaluated. A
technology mapping wikl typically provide a verify operation. When a verify operation is invoked on ingtance of a
constrained element,-the"Constraint will be checked and any violation will be reported.

type: EvaluationKind

multiplicity: exactly one
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References

constrainedElements

The Constraint has access to the ModelElements it constrains, through this reference. Note that the Constraint may
depend on other Model Elements not represented in this reference. For instance, a Constraint may state that attribute

A::x cannot exceed A::y in magnitude. The Constraint is on A::x, although it also depends on A::y. The relationship
between the-Constraint and A"y isnot nvplir‘ifl\J/ stated-in the meta-model

class: Model Element
defined by: Constrains::constrainedElement
multiplicity: one or more

Constraints

Constraintg Tags, Imports, and Constants cannot be constrained. [C-50] on page 124«

A Constrait can only constrain Model Elements that are defined by or inherited by its immediate containgr. [C-51] on
page 122.

IDL

interface CpnstraintClass : ModelElementClass {
readonly attribute ConstraintSet all_of_type_constraint;
readonly attribute ConstraintSet all_of _class_constraint;
const stfing CANNOT_CONSTRAIN_THIS_ELEMENT. =
"org.ommg.mof:constraint.model.constraint.canngf constrain_this_element";
const stfing CONSTRAINTS_LIMITED_TO_CONTAINER =
"org.omg.mof:constraint.model.constraint.constraints_limited_to_container";

enum EvjluationKind {immediate, deferred};
Constraipt create_constraint (

/* from ModelElement */_‘in wstring name,
/* from ModelElement*\\in wstring annotation,

/* from Constraint */ in wstring expression,
/* from Constraint\/. in wstring language,
/* from Constraint™*/ in ::Model::ConstraintClass::EvaluationKind evaluation_policy)

raiseq (Reflective:*MofError);
}; Il end of interface ConstraintClass

interface |CanAstraint : ConstraintClass, ModelElement {
wstring expression (J
raises (Reflective::MofError);
void set_expression (in wstring new_value)
raises (Reflective::MofError);
wstring language ()
raises (Reflective::MofError);
void set_language (in wstring new_value)
raises (Reflective::MofError);
ConstraintClass::EvaluationKind evaluation_policy ()
raises (Reflective::MofError);
void set_evaluation_policy (in ConstraintClass::EvaluationKind new_value)
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raises (Reflective::MofError);

ModelElementSet constrained_elements ()
raises (Reflective::MofError);

void set_constrained_elements (in ModelElementSet new_value)
raises (Reflective::MofError);

void add_constrained_elements (in ModelElement new_element)
raises (Reflective::MofError);

void modify_constrained_elements (in ModelElement old_element,

Ta) l\/lnrlc\lElamanf nn\u_alnmanf)
raisey (Reflective::NotFound, Reflective::MofError);

void rempove_constrained_elements (in ModelElement old_element)
raisey (Reflective::NotFound, Reflective::MofError);

b
7.4.27 Cpnstant

Constant priovides a mechanism for defining constant values for use in meta-models, Constants are limitefl to values of
types defingd as PrimitiveType instances.

SuperClagses

TypedElempnt

Attributes

value

This Attribute gives the literal value of the constant,;encoded as text. The syntax for encoding literal valyies of the
standard NIOF primitive data types is given in 7-10, “The PrimitiveTypes Package,” on page 134. Other encodings are
mapping, Yendor or user specific.

type String

multiplicity: exactly one

Constrainfs
The type off a Constant anghits value must be compatible. [C-52] on page 122.

The type off a Constant,must be a PrimitiveType. [C-53] on page 122.

IDL

interface ConstaniClass : TypedElementClass {
readonly attribute ConstantSet all_of_type_constant;
readonly attribute ConstantSet all_of_class_constant;
const string CONSTANTS_VALUE_MUST_MATCH_TYPE =
"org.omg.mof:constraint.model.constant.constants_value_must_match_type";
const string CONSTANTS_TYPE_MUST_BE_SIMPLE_DATA_TYPE =
"org.omg.mof:constraint.model.constant.constants_type_must_be_simple_data_type";

Constant create_constant (

/* from ModelElement */ in wstring name,
/* from ModelElement */ in wstring annotation,
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in wstring value)

raises (Reflective::MofError);

}; /1 end of i

interface
wstring

nterface ConstantClass

Constant : ConstantClass, TypedElement {
value ()

raises (Reflective::MofError);
void set_value (in wstring new_value)

raises-Reflective-MofError);
|3
7.4.28 Thg
Tags provide alight-weight extension mechanism that allows mapping, vendor, and even customer specifig information to
be added td, or associated with a meta-model. In essence, Tags are arbitrary name / value\pairs that can He attached to
instances of most Model Elements.
A Tag has ¢n attribute called “tagld” that denotes a category of meaning, and another attribute called “vaues’ that
parameterizes that meaning. Each Tag is related to one or more Model Elements by the AttachesTo Assoc|ation. The Tag
need not bg contained within the meta-model of the ModelElement it “tags.”
The MOF gpecification does not generally define the values for the/“tagld” or the application specific categories of
meaning thit they denote. The exception to thisis:
« 9.6,[*Standard Tags for the IDL Mapping,” on page 194:defines some Tags that tailor the IDL produced by the
I DLimapping.

Since “taglf” values are not standardized, there is arisk that different vendors or user organizations will use the same
values to denote different categories of meaning. tf‘@"tagld” value is used to mean different things, prob{ems can arise
when metajmodels using the value are exchanged.
To avoid sUych Tag collisions, it is recommended that “tagld” values should use the following scheme based on Java
package naming. Each value should start with a prefix formed by reversing the Internet domain name of a | tagld” naming
authority. Tlhis should be followed by atocally unique component. For instance, this might be a standard gr product name
followed by a name or names that denotes the meaning. Here are some examples:

"org.omng.mof.idl prefix!

"org.ong.mof .some,_tag"

"com.rgtional.xrOge.screen position"

"au.edy.dstc.elvin.event type"
It is also recommended that “tagld” values should be spelled in all lower case using the underscore (“_")|character as a
word separ&tek:

NOTE: In defining new Tag categories, the meta-modeler should take account of the fact that the MOF Model has no

Reference for navigating from a Model Element to its attached Tags. This allows one to attach Tags to elements of a“frozen”
meta-model. On the other hand, it makes it harder for a“client” of the meta-model objectsto find the Tags for an element. One
option isto require relevant Tags to be Contained by the elements they AttachTo, or their parents.

SuperClasses
M odel Element
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Attributes

tagld

Gives the category of meaning for the Tag. The values for this attribute and their associated meanings are not
standardized here. See discussion above.

type: String
multiplicity: exactly one
values

Carries additional information (e.g., “parameters’) associated with the Tag. The encoding-of)parameters|as String
valuesis thgld specific.

type: String
multiplicity: zero or more, ordered.
Referencgs
elements
The Modg Element or Model Elements that this Tag is attachedto.
class: M odel Element
defined byf: AttachesTo::model Element
multiplicity: one or mete
IDL

interface TagClass : ModelElementClass {
readonlly attribute TagSet all_of type_tag;
readonlly attribute TagSet alh0f _class_tag;

Tag cregqte_tag (
/* from ModelElement */in wstring name,
/* from ModelElement */in wstring annotation,
[* frojm Tag.*/ in wstring tag_id,
[* from Tag 1/ in ::PrimitiveTypes::WStringList values)
raiseq (Reflective::MofError);
}, // end Of IItCIbeC TQUC:QDQ

interface Tag : TagClass, ModelElement {
wstring tag_id ()
raises (Reflective::MofError);
void set_tag_id (in wstring new_value)
raises (Reflective::MofError);
::PrimitiveTypes::WStringList values ()
raises (Reflective::MofError);
void set_values (in ::PrimitiveTypes::WStringList new_value)
raises (Reflective::MofError);
void add_values (in wstring new_element)
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raises (Reflective::MofError);

void add_values_at(in wstring new_element, in unsigned long position)
raises (Reflective::BadPosition, Reflective::MofError);

void modify_values (in wstring old_element, in wstring new_element)
raises (Reflective::NotFound, Reflective::MofError);

void modify_values_at(in wstring new_element, in unsigned long position)
raises (Reflective::BadPosition, Reflective::MofError);

void remove_values (in wstring old_element)

rai = = adetat
void regmove_values_at(in unsigned long position)
raises (Reflective::BadPosition, Reflective::MofError);
ModelElementUList elements ()
raiseq (Reflective::MofError);
void sgt_elements (in ModelElementUList new_value)
raises (Reflective::MofError);
void adfl_elements (in ModelElement new_element)
raises (Reflective::MofError);
void adfi_elements_before (in ModelElement new_element, in ModelElement hefore_element)
raiseq (Reflective::NotFound, Reflective::MofError);
void mpdify_elements (in ModelElement old_element, in ModelElement hew_element)
raiseq (Reflective::NotFound, Reflective::MofError);

void remove_elements (in ModelElement old_element)

h

raiseq (Reflective::NotFound, Reflective::MofError);

7.5 MOF Model Associations

7.5.1 Contains

A meta-moglel is defined through a composition of Model Elements. A Namespace defines a M odel Element that composes
other Moddl Elements. Since Namespace has-several subclasses, there is a sizable combinatorial set of potential
Namespace-M odel Element pairings. However, some of these pairings are not appropriate for building an pbject-oriented
meta-mode], such as a Class containing-a Package (see 7.3.4, “The MOF Model Containment Hierarchy,”| on page 40).
This approdch factors the containefiméchanisms into one abstraction, and allows the greatest flexibility for|future changes
to the MOK Model.
Ends
container

Each Narrfespace is a composition of zero or more Model Elements.

class: Namespace

multiplicity: Zero or one

aggregation: Namespace forms a composite aggregation of Model Elements.
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containedElement

Each Model Element, with the exception of top-level packages participates in the association as a containedElement.

class: M odel Element
multiplicity: Zero or more; ordered.
IDL

interface Cpntains : Reflective::RefAssociation {
ContainsLinkSet all_contains_links ()
raiges (Reflective::MofError);
booleah exists (in Namespace container, in ModelElement contained_element)
raiseqy (Reflective::MofError);
Namespace container (in ModelElement contained_element)
raisey (Reflective::MofError);
ModelBlementUList contained_element (in Namespace container)
raisey (Reflective::MofError);
void add (in Namespace container, in ModelElement contained_element)
raises (Reflective::MofError);
void add_before_contained_element (in Namespace container,
in ModelElement contained_element,
in ModelElement before)
raisey (Reflective::NotFound, Reflective::MofError);
void mpdify_container (in Namespace container,
in ModelElement contained_elements
in Namespace new_container)
raisey (Reflective::NotFound, Reflective::MofErrer);
void mpdify_contained_element (in Namespacé/container,
in ModelElement containged “element,
in ModelElement new_cantained_element)
raiseqy (Reflective::NotFound, Reflective::MofError);
void regmove (in Namespace container, in ModelElement contained_element)
raisey (Reflective::NotFound, Reflective::MofError);

b
7.5.2 Generalizes

The Associftion definéd on GeneralizableElement. A Link of this Association represents a supertype/subtype relationship
(or a generglizes/specializes relationship).

Ends

supertype

The GeneralizableElement that is more general is the supertype.

class: Generalizabel Element
multiplicity: Zero or more (a GeneralizableElement may have zero or more supertypes);
ordered.
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subtype

The subtype is the GeneralizableElement that is more specific. The supertype Generalizes the subtype.

class: GeneralizableElement
multiplicity: Zero or more (a GeneralizableElement may have zero or more subtypes).
IDL

interface Generalizes : Reflective::RefAssociation {
GeneralizesLinkSet all_generalizes_links ()
raises (Reflective::MofError);
boolean exists (in GeneralizableElement supertype,
in GeneralizableElement subtype)
raiseq (Reflective::MofError);
GeneralizableElementUList supertype (in GeneralizableElement subtype)
raiseq (Reflective::MofError);
GeneralizableElementSet subtype (in GeneralizableElement supertype)
raiseq (Reflective::MofError);
void add (in GeneralizableElement supertype,
in GeneralizableElement subtype)
raiseq (Reflective::MofError);
void adfi_before_supertype (in GeneralizableElement supertype;
in GeneralizableElement subtype,
in GeneralizableElement before)
raiseq (Reflective::NotFound, Reflective::MofError);
void mpdify_supertype (in GeneralizableElement supertype,
in GeneralizableElement subtype,
in GeneralizableElement new_supertype)
raiseq (Reflective::NotFound, Reflective::MofError);
void mqdify_subtype (in GeneralizableElément supertype,
in GeneralizableElementsubtype,
in GeneralizableElement new_subtype)
raiseq (Reflective::NotFound, Reflective::MofError);
void remove (in GeneralizableElement supertype,
in GeneralizableElement subtype)
raiseq (Reflective::NotFound, Reflective::MofError);

h

7.5.3 RefersTo

A Reference-derives+rest-ef-Hs-statefromthe-AssoetattenbEnd-thatHstHrked-tobased-en-thisAsseeration. For a Class
defined with a Reference, each of its instances can be used to access the referenced object or objects. Those referenced
objects will be of the Class defined by this referencedEnd AssociationEnd, playing the defined end.
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Ends

referent

The Reference that is providing the reference through which instances playing the end-defined by the AssociationEnd
can be accessed.

class: Reference

multiplicity: Zero or more; not ordered (an AssociationEnd may or may not{bg used by any
number of References).

referencedfEnd

The AssodiationEnd which provides the majority of information for the Reference, including the LinkEnds that supply
the referenced instances.

class: AssociationEnd
multiplicity: exactly one
IDL

interface RefersTo : Reflective::RefAssociation {
RefersToLinkSet all_refers_to_links ()
raipes (Reflective::MofError);
booleah exists (in Reference referent, in AssociationEnd referenced_end)
raisey (Reflective::MofError);
ReferenceSet referent (in AssociationEnd referénced_end)
raisey (Reflective::MofError);
AssocigtionEnd referenced_end (in Reference referent)
raiseqy (Reflective::MofError);
void add (in Reference referent, in AssociationEnd referenced_end)
raisey (Reflective::MofError);
void mpdify_referent (in Reference referent,
in AssociationEnd referenced_end,
in Referénce new_referent)
raisey (Reflective::Notkound, Reflective::MofError);
void mpdify_referenged’end (in Reference referent,
in“AssociationEnd referenced_end,
ih AssociationEnd new_referenced_end)
raiseqy (Reflective::NotFound, Reflective::MofError);
void remoave-(in Reference referent, in AssociationEnd referenced_end)
raiseq (Réflective::NotFound, Reflective::MofError);

b

7.5.4 Exposes (derived)
A Reference defines a reference for a Class. For an instance of that class, which holds one or more links to some object

or objects conforming to the reference, the instance will be playing the role (end) defined by the AssociationEnd in this
Association.
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Ends

referrer

The Reference that is providing the exposedEnd's class instances within the Reference’s Classifier.

class: Reference
multiplicity: Zero or_ more; not ordered (an AssociationEnd may or may not be used by any
number of References).
changeablie: yes
exposedEnd
The AssogiationEnd representing the Reference’s owning Classifier's end in the Assoaciation.
class: AssociationEnd
multiplicity: exactly one
changeablie: yes
Derivation

See [S-13] pn page 130. For a given Reference, the Link of this\Association is derived as follows:
« Thereferrer’s Reference is the given Reference.

« The|exposedEnd’s AssociationEnd is the given Reference’s referent’s container Association’s other Associ ationEnd.

IDL

interface Exposes : Reflective::RefAssocjation {
Exposé¢sLinkSet all_exposes_links\()
raises (Reflective::MofError),
booleah exists (in Reference teferrer, in AssociationEnd exposed_end)
raiseq (Reflective::MofErrory;
ReferepceSet referrer (imAssociationEnd exposed_end)
raiseq (Reflective::MefError);
AssocifationEnd exposed_end (in Reference referrer)
raiseq (Reflective:sMofError);
void add (in Reference referrer, in AssociationEnd exposed_end)
raises (Reflective::MofError);
void mpdify- referrer (in Reference referrer,
ill ADDUbiGtiUIIEIIL: C}\'JUDCL:_CIIUI,
in Reference new_referrer)
raises (Reflective::NotFound, Reflective::MofError);
void modify_exposed_end (in Reference referrer,
in AssociationEnd exposed_end,
in AssociationEnd new_exposed_end)
raises (Reflective::NotFound, Reflective::MofError);
void remove (in Reference referrer, in AssociationEnd exposed_end)
raises (Reflective::NotFound, Reflective::MofError);

© ISO/IEC 2005 - All rights reserved 89


https://iecnorm.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

755 IsOfType

A Link between a TypedElement subclass and a Classifier supports the definition of the TypedElement.

Ends

type

The type gefining the TypedElement.

class: Classifier

multiplicity: exactly one

typedElements

The set of|typed elements supported by a Classifier.

class: TypedElement
multiplicity: Zero or more
IDL

interface IsOfType : Reflective::RefAssociation {
IsOfTypleLinkSet all_is_of_type_links ()
raiges (Reflective::MofError);
booleah exists (in Classifier type, in TypedElement typed_elements)
raisey (Reflective::MofError);
Classifjer type (in TypedElement typed_elements)
raisey (Reflective::MofError);
TypedHlementSet typed_elements (inClassifier type)
raisey (Reflective::MofError);
void add (in Classifier type, in TypedElement typed_elements)
raises (Reflective::MofError);
void mpdify_type (in Classifier type,
in TypedElement typed_elements,
in Classifier new_type)
raisey (Reflective;:NetFound, Reflective::MofError);
void mpdify_typed<{€lements (in Classifier type,
in TypedElement typed_elements,
in TypedElement new_typed_elements)
raiseq (Reflective::NotFound, Reflective::MofError);
void remave (in Classifier type in TypedElement typed elements)

raises (Reflective::NotFound, Reflective::MofError);

b
7.5.6 CanRaise

Relates Operations to the Exceptions that they can raise.
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Ends

operation

Given an Exception, the set of Operations which can Raise that Exception.

class: Operation

multiplicity: Zero or more (an Exception may be defined that is not currently used by any
Operation; an Exception may be raised by multiple Operations).

except

The set of| Exceptions for an Operation.

class: Exception

multiplicity: Zero or more (an Operation may be definedto raise no exception| or multiple
exceptions); ordered (an Operation’s Exceptions are ordered).

IDL

interface CanRaise : Reflective::RefAssociation {
CanRalseLinkSet all_can_raise_links ()
raises (Reflective::MofError);
booleah exists (in ::Model::Operation operation, in MofException except)
raises (Reflective::MofError);
OperatjonSet operation (in MofException except)
raises (Reflective::MofError);
MofEx¢eptionUList except (in ::Model::Operatioh operation)
raises (Reflective::MofError);
void add (in ::Model::Operation operationyin MofException except)
raises (Reflective::MofError);
void add_before_except (in ::Model;xOperation operation,
in MofException except,
in MofException before)
raises (Reflective::NotFound, Reflective::MofError);
void mpdify_operation (inyOperation operation,
in MofExCeption except,
in Opération new_operation)
raises (Reflective::NotFound, Reflective::MofError);
void mpdify_except (in ::Model::Operation operation,
in MofException except,
in MofException new_except)
raises (Reflective::NotFound, Reflective::MofError);
void remove (in ::Model::Operation operation, in MofException except)
raises (Reflective::NotFound, Reflective::MofError);

h
7.5.7 Aliases

An Import aliases or imports a single Namespace.
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Ends
importer
A Namespace may be aliased by an Import, which is the importer.
class: Import
multiplicity: Zero or more (a Namespace may not be aliased, or may be aliased by multiple
Imports).
imported

The Namdspace that an Import imports or aliases.

class: Namespace
multiplicity: exactly one
IDL

interface Aliases : Reflective::RefAssociation {
AliasegLinkSet all_aliases_links ()
raiges (Reflective::MofError);
booleah exists (in Import importer, in Namespace imported)
raipes (Reflective::MofError);
ImportBet importer (in Namespace imported)
raipes (Reflective::MofError);
Namespace imported (in Import importer)
raiges (Reflective::MofError);
void add (in Import importer, in Namespace imported)
raipes (Reflective::MofError);
void mpdify_importer (in Import importer,
in Namespace imported,
in Import new_impaorter)
raiges (Reflective::NotFound, Reflective::MofError);
void mpdify_imported (in fmport importer,
in Namespaceimported,
in Namespace new_imported)
raipes (Reflective::NotFound, Reflective::MofError);
void regmove (in(Import importer, in Namespace imported)
raises (Reflective::NotFound, Reflective::MofError);

b

7.5.8 Constrains

Each Constraint constrains one or more Model Elements.
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Ends

constraint

A Constraint that constrains a Model Element.

class: Constraint

multiplicity: Zero or_ more (a Model Element need not be constrained, but could be
constrained by more than one Constraint).

constraineflElement

The Modd Elements that a Constraint holds its constraint against.

class: Model Element
multiplicity: One or more (a Constraint must constrainat.least one Model Elenpent).
IDL

interface Cpnstrains : Reflective::RefAssociation {
ConstrpinsLinkSet all_constrains_links ()
raises (Reflective::MofError);
booleah exists (in ::Model::Constraint constraint,
in ModelElement constrained_element)
raises (Reflective::MofError);
ConstrpintSet constraint (in ModelElement constrained_element);
raises (Reflective::MofError)
ModelElementSet constrained_element (in ::Model::Constraint constraint)
raises (Reflective::MofError);
void add (in ::Model::Constraint constraint;
in ModelElement constrained_element)
raises (Reflective::MofError);
void mpdify_constraint (in ::Modek:Constraint constraint,
in ModelElementiconstrained_element,
in Constraint/mew_constraint)
raises (Reflective::NotFound, Reflective::MofError);
void mpdify_constraifhed_element (in ::Model::Constraint constraint,
in ModelElement constrained_element,
in ModelElement new_constrained_element)
raises (Reflective::NotFound, Reflective::MofError);
void remaove (in ::Model::Constraint constraint,
in ModelElement constrained_element)
raiSes (Reffective-NotFound, Reffective -MoTETTor);

h
7.5.9 DependsOn (derived)
DependsOn is a derived Association that allows a client to identify the collection of Model Elements on which a given

Model Element structurally depends. The Association is derived from a number of other Associations in the MOF Model,
as described below.
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NOTE: The model of dependency that is embodied in this Association is based solely on the structural relationshipswithin a
meta-model. In some cases, the structural dependencies have clear semantic parallels (e.g., the meaning of an Attribute
depends on its type). In other cases the semantic parallél is more tenuous (e.g., a DataType only semantically depends on its
container in the context of type identity).

Ends

dependent

This End [s occupied by Model Elements that structurally depend on the ModelElement at the otherEnd

class: M odel Element
multiplicity: Zero or more (a Model Element can have no ModelElfement depend on it, or
many may depend on it).
changeable: no
provider

This End {s occupied by ModelElements that have other Model Elements-that structurally depend on then.

class: M odel Element

multiplicity: Zero or more (a Model Element can depend on no other M odel Elgments or
multiple Model Elements).

¢

no

changeabl

Derivatior
See [S-14] pn page 131. A ModelElement (ME) depends on:

- “container” - its container Namespace from Model Element::container

« “comstraint” - any Constraints from Model Element::constraints.

- “comtents’ - if ME is a Namespace, its contents from Namespace::contents.
» “gpgcidization” - if ME is a GeneralizableElement, its supertypes from Generalizabl eElement::supertypes.
« “import” if ME\S an Import, the imported Package or Class from |mport::importedNamespace.

- “signature”y~if ME is an Operation, the Exceptions it raises from Operation::exceptions.

. “ty detinition” - if ME isa T\J/pnr*llzlnrﬂmf' the Classifier from T\jlpnrllzlmmf“fypn

- “referenced ends” - if ME is a Reference, the two AssociationEnds from Reference::referencedEnd and
Reference::exposedEnd.

« “constrained e ements” - if ME is a Constraint, the elements it constrains from Constraint::constrainedElements.

» “tagged elements’ - if ME isa Tag, the elementsiit is attached to from Tag::elements.

94 © ISO/IEC 2005 - All rights reserved


https://iecnorm.com/api/?name=866a81145861f2170bf796d4f51f7d91

IDL

ISO/IEC 19502:2005(E)

interface DependsOn : Reflective::RefAssociation {
DependsOnLinkSet all_depends_on_links ()

raises (Reflective::MofError);
boolean exists (in ModelElement dependent, in ModelElement provider)
raises (Reflective::MofError);
ModelElementSet dependent (in ModelElement provider)
raises (Reflective::MofError);
ModelElementSet provider (in ModelElement dependent)
raises (Reflective::MofError);
h
7.5.10 AfttachesTo
This associftion represents Tags attached to Model Elements. A Model Element’s Tags are ordered, although the ordering
may not be|of any significance, depending on the meaning of the Tags. Ordering iS¢reserved in case sonje Tags, in
conjunctior] with some defined semantics, requires an ordering.
Ends
modelElement
The Modd Elements that an attached Tag describes, modifies, ‘0r otherwise associates.
class: M odel Element
multiplicity: One or more (a Tag must be attached to at least one Model Elemgnt).
tag
The set of| Tags attached to a M odel El emient.
class: Tag
multiplicity: Zero or more (a ModelElement need not have a Tag), ordered.
IDL
interface AftachesToReflective::RefAssociation {
AttachesToLinkSet all_attaches_to_links ()
raises (Reflective::MofError);
booleah-exists (in ModelElement model_element, in ::Model::Tag tag)

rai

(R ekl H A= 2\
Co (NTTITLUVE.. VIUTLTTUT ],

ModelElementSet model_element (in ::Model::Tag tag)
raises (Reflective::MofError);

TagULi

st tag (in ModelElement model_element)

raises (Reflective::MofError);

void add (in ModelElement model_element, in ::Model::Tag tag)
raises (Reflective::MofError);

void add_before_tag (in ModelElement model_eleme

in ::Model::Tag tag,
in Tag before)

raises (Reflective::NotFound, Reflective::MofError);
void modify_model_element (in ModelElement model_element,
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in ::Model::Tag tag,
in ModelElement new_model_element)
raises (Reflective::NotFound, Reflective::MofError);
void modify_tag (in ModelElement model_element,
in ::Model::Tag tag,
in Tag new_tag)
raises (Reflective::NotFound, Reflective::MofError);
void remove (in ModelElement model_element, in ::Model::Tag tag)

raises{(Reflective-NotFound—ReflectiveMofError);

7.6  MOF Model Data Types

The following data types are part of the MOF Model. Each data type is represented in thee MOF Model ag an instance of
the approprjate DataType subclass.

7.6.1 PrimitiveTypes used in the MOF Model

The only PrimitiveType instances used in the MOF Model are Boolean, Integér, and String. These are specified in “The
PrimitiveTypes Package” on page 134.

NOTE: The PrimitiveTypes package defines 6 standard PrimitiveType instances in total. The other three instgnces (Long,
Float, and Double) are not used in the specification of the MOF Maodel as an instance of itself.

7.6.2 MultiplicityType

MultiplicityType is a structure (record) type that is Gsed to specify the multiplicity properties of an Attribute, Parameter,
Reference, pr AssociationEnd.

Fields

lower

This field[gives the lower beunds on the number of elements allowed for the Attribute, Parameter, Refefence, or
AssociatignEnd.

type: Integer

upper

This field givesThe upper bounds on the number of elements allowed T0r the ATINDUte, Parameter, Relerence, or
AssociationEnd. A value of Unbounded (see 7.8.1, “Unbounded,” on page 100) indicates that there is no upper bound
on the number of elements.

type: Integer
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isOrdered

This flag indicates whether the order of the elements corresponding to the Attribute, Parameter, Reference, or
AssociationEnd has any semantic significance.

type: Boolean

isUnique

This flag indicates whether or not the elements corresponding to the Attribute, Parameter, Referenee, or
AssociatignEnd are required (or guaranteed) to be unique.

type: Boolean

Constrainfts
The “lower[ bound of a MultiplicityType to be “Unbounded.” [C-54] on page 123.

The “lower[ bound of a MultiplicityType cannot exceed the “upper” bound. [C-55] on page 123.
The “upper[ bound of a Multiplicity Type cannot be less than 1. [C-56] onmpage 123.

If a MultiplicityType specifies bounds of [0..1] or [1..1]), the “is_ordered” and “is_unique” values must e false. [C-57]
on page 1241.

IDL

struct MultiplicityType {
long lower;

long upper;
boolean isOrdered;
boolean isUnique;

h

const gtring LOWER_CANNOJT_BE_NEGATIVE_OR_UNBOUNDED =
"org.omg:constraint.model.multiplicity_type.lower_cannot_be_negative_or_unbounded";

const gtring LOWER_CANNOT_EXCEED_UPPER =
"org.omg:constraint=model.multiplicity_type.lower_cannot_exceed_upper"”;

const gtring UPPERSMUST_BE_POSITIVE =
"ofg.omg:consiraint.model.multiplicity_type.upper_must_be_positive";

const gtring MUST_BE_UNORDERED_NONUNIQUE =
"ofg.omg:constraint.model.multiplicity_type.must_be_unordered_nonunique";

7.6.3 \VrsibitityKind

This data type enumerates the three possible kinds of visibility for a Model Element outside of its container. These are:
1. “public_vis,” which allows anything that can use M odel Element’s container to also use the M odel Element.
2. ‘“protected vis,” which allows use of the Model Element within containers that inherits from this one's container.

3. “private vis,” which denies al outside access to the M odel Element.

NOTE: The rules governing visibility of ModelElements in the MOF are yet to be specified. As an interim measure, all
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Model Elements are deemed to be visible, irrespective of the “visibility” attribute settings. The IDL mapping specification
includes minimal preconditions on visibility to ensure that generated IDL is compilable (see 9.5, “Preconditions for IDL
Generation,” on page 192).

IDL

enum VisibilityKind {public_vis, private_vis, protected_vis};

7.6.4 DjrectionKind

DirectionK|nd enumerates the possible directions of information transfer for Operation and Exception Pajameters.

IDL

enum DirectionKind {in_dir, out_dir, inout_dir, return_dir};
7.6.5 SpopeKind

ScopeKind [enumerates the possible “scopes’ for Attributes and Operations,

IDL
enum $copeKind {instance_level, classifier_level};

7.6.6 AggregationKind

AggregationKind enumerates the possible aggregation‘semantics for Associations (specified via AssociatipnEnds).

NOTE: Aggregation semanticsin the MOF isintended to be aligned with UML. Unfortunately, the OMG UML specification

does not define the meaning of “shared” aggregation for UML. As an interim measure, the use of “shared” agpregation in

MOF meta-modelsis discouraged.

IDL

enum AggregationKind{{none, shared, composite};

7.6.7 EpaluationKind

Evaluationkind enumerates the possible models for Constraint evaluation.

Container

Constraint

IDL

enum EvaluationKind {immediate, deferred};
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7.7 MOF Model Exceptions

The following exceptions are contained in the MOF Model Package. The generated IDL interfaces for the MOF Model
make use of more exceptions, which are defined in the Reflective Package (see the Reflective Type Packages clause) and
assigned to operations based on criteria determinable during generation.

7.7.1 NameNotFound

The NamgNotFound exception is raised when a lookup of a simple name has failed.

parameters

name : ouf String

The name parameter gives the string value that could not be found in the Namespace or-extended Namespace searched by
the operatign.

Container

Namespace
7.7.2 NameNotResolved

The NamgNotResolved exception is raised when resolution of a quaified name has failed.

parameters

explanatidn : out String
restOfName : out String (multiplicity: zerelor more; ordered; not unique)

The restOfI[Name parameter contains that/part of the qualified name that was not resolved. The explanatior) parameter can
have the following values with thé:corresponding interpretation:

« “InyalidName’: the first name in restOfName was malformed.
«  “MipsingName’ ~the first name in restOfName could not be resolved as no name binding exists for thgt name.
« “NgtNameSpace’: the first name in restOfName did not resol ve to a NameSpace when a NameSpace Was expected.

« “CahnetProceed”: the first name in restOfName could not be resolved (for any other reason).

Container
Namespace

7.8 MOF Model Constants

The following Constants form part of the MOF Model.
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7.8.1 Unbounded

This constant is used in the context of Multiplicity Type to represent an unlimited upper bound on a cardinality (see 7.6.1,
“PrimitiveTypes used in the MOF Model,” on page 96). Its type is Integer.

Container
Model

IDL

const Ipng UNBOUNDED = -1;
7.8.2 The Standard DependencyKinds

These consfants (ContainerDep, ContentsDep, SignatureDep, ConstraintDep, Constrai hedElementsDep,
SpecializationDep, ImportDep, TypeDefinitionDep, ReferencedEndsDep, TaggedElementsDep, IndirectDgp, and AllDep)
denote the $tandard dependency categories and pseudo-categories. Their types.are al String.

When a Mddel Element depends on a second model element under one kindof dependency; and the second|model element
depends on|a third under some other kind of dependency; then the first’Model Element depends on the third
Model Element. However, the kind of dependency cannot be specified; based on the other two dependency kinds, except
to categorize the dependency as indirect.

Refer to 7.4.1, “ModelElement (abstract),” on page 41 and7.5.9, “DependsOn (derived),” on page 93 for|detailed
explanations.

Container
M odel Elenent

IDL

const wstring CONTAINER_DEP = "container";

const wstring CONTENTS~BEP = "contents";

const wstring SIGNATURE-DEP = "signature";

const wstring CONSTRAINT_DEP = "constraint";

const wstring CONSTRAINED_ELEMENTS_DEP = "constrained elements"”;
const wstring SPECIALIZATION_DEP = "specialization";

const wstringJMPORT_DEP ="import";

const wstring) TYPE_DEFINITION_DEP = "type definition";
const wstring REFERENCED_ENDS_DEP = "referenced ends";
const Wstrimg- TAGGED_ErEMENTS DEP—"tagyged etements™;
const wstring INDIRECT_DEP = "indirect";

const wstring ALL_DEP ="all";
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7.9.1

ISO/IEC 19502:2005(E)

MOF Model Constraints

MOF Model Constraints and other M2 Level Semantics

This sub clause defines the semantic constraints that apply to the MOF Model. These are expressed as M2-level
Constraints and are formally part of the MOF Model (i.e., they are arequired part of a representation of the MOF Model
as MOF meta-abjects or in the MOF Model / XMI interchange format).

The sub cl

Associatior}s in the MOF Model, and for a collection of “helper” functions used by them and the Conjstra
semantic sgecifications need not be present in arepresentation of the MOF Model. Indeed, this document g
how they should be represented.
NOTE: The use of OCL inthe MOF Model specification does not imply arequirement to.use OCL evaluatio
MOF Modd server’simplementation. Furthermore, if that approach is used, it is anticipated that the implem
the OCL rulles to make evaluation more efficient. For example, the Constraint OCL cauld be rewritten as pre-c
appropriate|mapped update operations.
7.9.2 Notational Conventions
7.9.2.1 Nptation for MOF Model Constraints
The M2-leyel Constraints on the MOF Model are described inthe following notation:

[C-xxx] ConstraintName

evaluation policy: immediate or deferred

description: brief english description

context 9

inv:

The meani

113 [C
“Co

omeClassifierName

g of the above is asfollows:
xxX]" isthe crass reference tag for the Constraint used el sewhere in this document.

hstraintName™ is the name for the Constraint in the MOF Model. The IDL mapping uses this nam

duse a'so provides OCL semantic specifications for most M2-level Operations, derived Attri builes, and derived

nts. These
oes not specify

as part of a
tor may rewrite
pnditions on the

b to produce the

MoflError “Kind” string for the Constraint. These strings appear in the generated IDL for the MOF Model, as described
8.16, “Constraint Template,” on page 245.

in9

The

Libgate-gperat

checkl ng should be deferred untll fuII meta-model valldatlon |str|ggered It deflnes the Constraint’s
“evaluationPolicy” value.

jon, or whether

The“description” isabrief non-normative synopsis of the Constraint. It could be used as the Constraint’s “ annotation”
value.

The

OCL for the Constraint is defined using the OCL syntax defined in UML 1.3.

The OCL for the Constraints start with a “context” clause that names a ModelElement in the MOF Model. This serves
two purposes:

© ISO/IEC 2005 - All rights reserved
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1. It definesthe context in which the OCL constraint should be evaluated (i.e., the M3-level Class or DataType whose
instances are constrained by the OCL).

2. It definesthe “ constrainedElements’ and “ container” for the Constraint.

While the OCL for the Constraints are mostly expressed as invariants, this should not be taken literally. Instead, the
Constraint OCL should be viewed as:

« apr

« apart of the specification of ModelElement’s

The Constr

(“Constrains’) asingle Classifier, and each one is defined to be contained by the Classifier that it“applies. ]

attribute of

79.22 N

The seman

e-condition on the relevant 1DIoperations for “immediate” Consfraints _or

verify” Operation for “deferred” Constraints.

bints in the MOF Model are expressed as restrictions on either Classes or DataTypes, ‘Eacth on

ptation for Operations, derived Attributes and derived Assegiation

cs of M2-level Operations, derived Attributes, and derived Associations on the MOF Model g

the followimng notation:
[O-xxx] Model ElementName
kind: classification
description: brief english description

context (lassifierName: :OperationName (. .)
post: regult = ...

or

context (lassName: :AttributeName ()
post: regult = ...

or

context (lassName: :ReferenceName ()
post: redult = ..<

The meanirg of the-above is as follows:

. “[O

xxX]” isthe cross reference tag for the semantic description that may be used el sewhere in this dg

each Constraint is either “MOF-OCL" (for those with complete OCL specifications) or “Othef
“expressior]” attribute should be the normative OCL defined here, even if different (but equivalent) OCL
MOF Mode! server’s implementation.

b applies to

I he “language’
. The
isusedin a

re described in

cument.

+ “ModelElementName” isthe name of the Attribute, Operation, or Association in the MOF Model whose semanticsis
described.

» The“classification” describesthe kind of the Model Element (e.g., “readonly derived Attribute” or “query Operation”).

« The

“description” is a brief non-normative synopsis of the semantics.

» The OCL isexpressed using the OCL syntax defined in the UML 1.4 specification (http://www.omg.org/technol ogy/
documents/formal/mof.htm). The “ context” clause names an “abstract” operation or method on an M1 level interface
whose semanticsis specified. The name of the real operation(s) or method(s) will depend on the mapping. The

sem

102

antics are expressed as post-conditions for these methods.
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7.9.2.3 Notation for Helper Functions

OCL Helper Functions are described in the following notation:

[S-xxx] HelperName

description: brief english description

context (lassifierName: :HelperName(...)
post: regult = ...

The meaning of the above is as follows:
« “[Sxxx]” isthe cross reference tag for the hel per function that may be used el sewhere.inthis documeft.
« “HdgperName’ isthe name of the Helper Function.
» The|"description” isabrief non-normative synopsis of the Helper’s semantics:

» ThelOCL for the Helper is defined using the OCL syntax defined in UMZ1.3. The “context” clause nemes a notional
helger function on a M odel Element whose semantic is then specified.<These notional functions are not intended to be
callable by client code.

7.9.3 QCL Usage in the MOF Model specification

The OCL language was designed as a part of the UML specification. As such, the OCL semantics are specified in terms
of UML concepts and constructs. Some of these concepts.do not match MOF concepts exactly. Accordirigly, it is
necessary tp reinterpret parts of the OCL specification-so that it can be used in MOF Model’s Constraintg and other
semantics gspects of the MOF Model.

7.9.3.1 UML AssociationEnds versus MOF References

In the UMU version of OCL, the dot (£.”) and arrow (“->") operators are used to access Attribute values, pnd to navigate
Associations. Consider an OCL expression of the form:

<expry “.” <identifiérs

Assuming that “<expr>" evaluates to an object, the value of the expression is either the value of an Attribute named
“<identifie>" for the ebject or another object obtained by navigating a link in a binary Association which has
“<identifie>" as an(Association End name.

In this context (i.e), the definition of the MOF Model), the “<identifier>" isinterpreted differently. In the MOF Model, the
interfaces fprnavigating Associations are specified using References rather than AssociationEnds. Thus ip the MOF
version of OCL, link navigation is expressed using the name of a Reference for the “<expr>" object as the “<identifier>.”
However, the overall meaning is analogous to the UML case.

7.9.3.2 Helper functions are not MOF Operations

In the UML version of OCL, object behavior is invoked by an expression of the form:

<expr> “.” <identifier> “(“ ... “)”

where “<identifier>" names a UML Operation or Method on the object obtained by evaluating “<expr>.”
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In the MOF Model specification, the above expression invokes behavior defined by either a MOF Operation, or a helper
function. The distinction between conventional UML and its usage here is that helper functions have no defined
connection with any internal or external interfaces in a MOF Model server. Indeed, they need not exist at all as
implementation artifacts.

7.9.3.3 Post-conditions on MOF Model objects

Rules [C-2

on page 105, [C-3] on page 106, and [C-4] on page 106 are intended to define post-conditions on all

operations
Operation 3

7934 O

The UML {
operators if
specificatiol
OCL that tr

The MOF N
Therefore,

Ing
thel
stan
sub-

The
with

7.9.35 “(

In UML O(
“The s

bn Model Element objects. This is expressed in the MOF Model OCL by giving a Class rather
s the “context” for the OCL rules. It is not clear that this is allowed by UML OCL.

CL evaluation order

particular. Thisis OK when OCL is used as an abstract specification language, as it isin the|
h. However it causes problems when OCL expressions may be directly.evaluated. These prob
averses cyclic graphs (e.g., [O-1] on page 131) or raises exceptions(€.g., [S-6] on page 127).

lodel semantic specification touches on some of these issues (€ig.,"when traversing a cyclical |
he MOF Model usage of OCL makes the following assumptions about OCL expression evalu

eneral, aMOF OCL expression is assumed to be evaluatedhby eval uating its sub-expressionsin ord
eftmost sub-expression and ending with the rightmost..The sub-expressions are delimited accordi
fdard OCL operator precedence rules. If evaluation of ene of the sub-expressions raises an exceptiol
expressions are not eval uated.

above does not apply to the boolean operators “and,
short-circuiting as follows:

implies,” and “if-then-else.” These

n the expression “<exprl> and <expr2>,” “<expr2>" isonly evaluated if “<exprl>" evaluatesto

n the expression “<exprl> or <expr2>," “<expr2>" isonly evaluated if “<exprl>" evaluates to fa

n the expression “<exprl1> implies <expr2>," “<expr2>" is only evaluated if “<expr1>" evaluate

n the expression “if <exprl>then <expr2> else <expr3> endif,” “<expr2>" isonly evaluated if “
bval uates to true, and “<expr3>" isonly evaluated if “<exprl>" evaluatesto false.

DclType::alllnstances”

CL, the type.alllnstances() is defined to return:
it of al instances of type and all of its subtypesin existence at the moment in time that the expressi

than an

DCL specification does not define an evaluation order for OCL expressions imgeneral, and for boolean

UML
lems arise in

mports graph).
ation order:

er, starting with
hg to the
h, the remaining

are evaluated

true.
il se.
5 to true.

<exprl>”

DN is evaluated.”

Inthe

N outermost

Package extent. (Any OCL expression that required the enumeration of all msxances in existence “anywhere” would be
problematical, since a MOF repository does not exist in a closed world.)

7.9.3.6

“OclType::references”

The MOF Model OCL in rule Clause [C-4] assumes that the signature of OclType (as defined in the UML OCL
specification) is extended to include an operation called “references.” This is assumed to behave like the “attributes’
operation, except that it returns the names of an (M3-level) Classes’ References.

104
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7.9.3.7 Foreign types and operations

Some of the MOF Model OCL rules make use of types and operations that are not predefined in OCL, not defined as
Operations in the MOF Model, and not defined as Helper functions. Examples include:

» Rule[C-3] on page 106 makes uses of the CORBA Object::non_existent operation to assert that an object must
continue to exist. This would be expressed differently in other contexts.

LC. 105 S EValvil 106+ a-dafinad-in-tha RafO A DafD o) 1
hd Rul "~ [z o PTYC IO 12 o) [+ o PTTIO0 HSe up\,luuul IS GeHReeHItREET ] CCt Cuv:u ~EM5ASES bJ eCt |nterfmes

to agcess the meta-objects that represent the MOF Model. It should be understood that thisis not.intended to imply
that|a MOF Model server is required to make these objects available at runtime.

7.9.4 The MOF Model Constraints

[C-1] MustBeContai nedUnl essPackage

format1: MUST_BE_CONTAINED_UNLESS PACKAGE

format2; must_be_contained_unless_package

evaluation policy deferred

description: A ModelElement that is not a Package'must have a container.

context ModelElement

inv:
not s¢lf.oclIsTypeOf (Package) implies
self.container -> size =1
[C-2] FrozenAttriputesCannotBeChanged
format1: FROZEN_ATTRIBUTES_CANNOT_BE_CHANGED
format2; frozen attributes cannot_be_changed
evaluation policy immediate
description: The attribute values of a ModelElement that is frozen cannot be changed.

context MadelElement

inv:
self.isFrozen() implies
let myTypes = self.oclType() -> allSupertypes() ->
includes (self.oclType()) in
let myAttrs : Set (Attribute) =
self .RefBaseObject: :refMetalObject () ->

asOclType (Class) ->
findElementsByTypeExtended (Attribute) in
myAttrs -> forAll(a |
self.RefObject: :refvValue@pre(a) =
self.RefObject: :refvValue(a))
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[C-3] FrozenElementsCannotBeDel eted

format1: FROZEN_ELEMENTS_CANNOT_BE_DELETED

format2: frozen_elements _cannot_be deleted

evaluation policy immediate

descri pti0||1: A frozen ModelElement that is in a frozen Namespace can only be deleted; fjy deleting the
Namespace.

context ModelElement

post:
(self|isFrozenepre() and
self|container@pre -> notEmpty and
self|container.isFrozenepre()) implies
(self|container.Object::non existent () or
not gelf.Object::non existent())

[C-4] FrozenDependenciesCannotBeChanged

format1: FROZEN_DEPENDENCIESCANNOT_BE_CHANGED

format2: frozen_dependencies _canhot_be changed

evaluation policy immediate

description: The link sets that.express dependencies of a frozen Element on other Elements cannot be

explicitly changed.

context ModelElement

post:
self.]sFrozen() Amplies
let myClasses = self.oclType() -> allSupertypes() ->
includes (self.oclType()) in
let.mmyRefs = Set (Reference) =
self .RefBaseObject: :refMetaObject () ->

asOclType (Class) ->
findElementsByTypeExtended (Reference) in
let myDepRefs = myRefs ->
select (r |

Set{“contents”, “constraints”, “supertypes”,
“type”, “referencedEnd”, “exceptions”,
“importedNamespace”, “elements”} ->
includes (r.name)) in

myDepRefs ->

forAll (r |

self.RefObject: :refvValue@pre(r) =
self.RefObject: :refvalue(r))
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[C-5] ContentNamesMustNotCol lide

format1: CONTENT_NAMES_MUST_NOT_COLLIDE

format2: content_names_must_not_collide

evaluation policy immediate

descri ptio]w: The names of the contents of a Namespace must not collide.
context Namespace
inv: selfl.contents.forAll (

el, e2 | el.name = e2.name implies rl = r2)

[C-6] SupertypeMustNotBeSel f

format1: SUPERTYPE_MUST_NOT_BE _SELF

format2; supertype_must_not_be self

evaluation policy immediate

description: A Generalizable Element cannot be its own direct or indirect supertype.

context (
inv: self

eneralizableElement
.allSupertypes () -> forAlly s | s <> self)

[C-T7] SupertypeKindM ustBeSame

format1: SUPERTYPE_KIND_MUST _BE_SAME

format2: supertype_kind_must_be same

evaluation policy immediate

description: A supertypes of a Generalizable Element must be of the same kind as the

GeneralizableElement itself.

context GeneralizableElement
inv: self.supertypes -> forAll (s | s.oclType() = self.oclType())
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[C-8] ContentsM ustNotCollideWithSupertypes
format1: CONTENTS _MUST_NOT_COLLIDE_WITH_SUPERTY PES
format2: contents must_not_collide with_supertypes
evaluation policy immediate
descripti 0||1: The names of the contents of a GeneralizableElement should not collide with] the names of
the contents of any direct or indirect supertype.
context (JeneralizableElement
inv:
let syperContents = self.allSupertypes() ->
collect (s | s.contents) in
self.¢ontents ->
forAll (ml |
superContents ->
forAll (m2 |
ml.name = m2.name implies ml = m2))
[C-9] DiamondRuleM ustBeObeyed
format1: DIAMOND_RULE_MUST_BE_OBEYED
format2: diamond_rule_must™be obeyed
evaluation policy immediate
description: Multipleinheritance must obey the “Diamond Rule.”
context (JeneralizableElemént
inv:
let syperNamespaces =
self.glpertypes -> collect(s | s.extendedNamespace) in
superNamespates -> asSet -> isUnique(s | s.name)
[C-10] NoSupertypesAllowedForRoot
format1: NO_SUPERTYPES ALLOWED_FOR_ROOT
format2: no_supertypes_allowed_for_root
evaluation policy immediate
description: If a Generalizable Element is marked as a “root,” it cannot have any supertypes.
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context GeneralizableElement
inv: self.isRoot implies self.supertypes -> isEmpty

[C-11] SupertypesMustBeVisible
format1: SUPERTYPES MUST_BE_VISIBLE
format2: supertypes must_be visible

evaluation policy

descriptio

=

deferred

A Generalizable Element’s immediate supertypes must all be visibleta'it.

context (JeneralizableElement
inv: selfl.supertypes -> forAll(s | self.isVisible(s))

[C-12]

format1:
format2:
evaluation policy

descriptio

=

NoSubtypesAllowedForl eaf

NO_SUBTYPES ALLOWED_ FOR/LEAF
no_subtypes allowed for_leaf

immediate

A GeneralizableElement canhot inherit from a GeneralizableElement defined

context (JeneralizableElement
inv: self.supertypes -> forAll (8} not s.isLeaf)

[C-13]
format1:
format2:

eval uation poliCy

description:

Associ ationsCannotBeTypes
ASSOCIATIONS _CANNOT_BE_TYPES
associations_cannot_be types

immediate

An Association cannot be the type of a TypedElement.

bs a “leaf.”

context TypedElement

inv: not self.type.oclIsKindOf (Association)
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[C-14] TypeMustBeVisible

format1: TYPE_MUST_BE_VISIBLE

format2: type_must_be visible

evaluation policy deferred

descriptiov|1: A TypedElement and only have a type that is visible to it.

context TypedElement
inv: selfl.isVisible (self.type)

[C-15] ClassContainmentRules

format1: CLASS_CONTAINMENT_RULES

format2: class_containment_rules

evaluation policy immediate

description: A Class may contain only Classes,-DataTypes, Attributes, References, Operatijons,

Exceptions, Constants, Constraints, and Tags.

context (lass
inv:
Set{CI ass, DataType, Attributej"Reference, Operation,
Exception, Constant ,~€onstraint, Tag} ->
includesAll (self.contentTypes())

[C-16] AbstractClassesCannotBeSingleton

format1: ABSTRACT_CLASSES CANNOT_BE_SINGLETON

format2: abstract_classes_cannot_be_singleton

eval uation pahicty deferred

description: A Class that is marked as abstract cannot also be marked as singleton.

context Class
inv: self.isAbstract implies not self.isSingleton
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[C-17] DataTypeContainmentRules

format1: DATA_TYPE_CONTAINMENT_RULES

format2: data_type containment_rules

evaluation policy immediate

description: A DataType may contain only TypeAliases, Constraints, Tags (or in the case)pf

StructureTypes) StructureFields.

context QHataType

inv:
if self.oclIsOfType (StructureType)
then
Set{TypeAlias, Constraint, Tag, StructureField} -»>
includesAll (self.contentTypes())
else
Set{TypeAlias, Constraint, Tag} ->
includesAll (self.contentTypes())
[C-18] <Placeholder for a deleted constraint>
[C-19] DataTypesHaveNoSupertypes
format1: DATA_TYPES HAVE_NO_SUPERTY PES
format2: data_typesshave no_supertypes
evaluation policy immediate
description: Inheritance / generalization is not applicable to DataTypes.

context QHataTyp€
inv: self].supertypes -> isEmpty

[C-20] DataTypesCannotBeAbstract

format1: DATA_TYPES CANNOT_BE_ABSTRACT
format2: data_types _cannot_be abstract

evaluation policy immediate

description: A DataType cannot be abstract.
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context DataType
inv: not self.isAbstract

[C-21] ReferenceM ultiplicityMustM atchEnd

format1: REFERENCE_MULTIPLICITY_MUST_MATCH_END

format2: reference—mttipHety—must—meateh—end

evaluation policy deferred

description: The multiplicity for a Reference must be the same as the multiplicity-for the referenced
AssociationEnd.

context Reference
inv: selfl.multiplicity = self.referencedEnd.multiplicity

[C-22] ReferenceM ustBel nstanceScoped

formatl: REFERENCE_MUST_BE_INSTANCE_SCOPED

format2: reference_must_be instance scoped

evaluation policy immediate

description: Classifier scoped References are not meaningful in the current M1 level compgutational
model.

context Reference

inv: selfl.scope = #instance_level
[C-23] Changeabl eReferenceM ustHaveChangeableEnd
format1: CHANGEABLE_REFERENCE_MUST_HAVE_CHANGEABLE_END
format2: changeable reference_must_have changeable end
eval uation-petiey teferred
description: A Reference can be changeable only if the referenced AssociationEnd is also changeable.

context Reference
inv: self.isChangeable = self.referencedEnd.isChangeable
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evaluation policy

ISO/IEC 19502:2005(E)

ReferenceTypeMustMatchEndType
REFERENCE_TYPE_MUST_MATCH_END_TYPE
reference_type must_match_end type

deferred

description:

context Reference
inv: selfl.type =

[C-25]

format1:
format2:
evaluation policy

descriptio

=

context Reference

inv: selfl.referencedEnd.isNavigable

[C-26]

format1:
format2:
evaluation policy

description:

self.referencedEnd. type

The type attribute of a Reference and its referenced AssociationEnd must-bet

ReferencedEndM ustBeNavigable
REFERENCED_END_MUST_BE_NAVIGABLE
referenced_end_must_be navigable

deferred

A Reference is only allowed for‘anavigable AssociationEnd.

ContainerMustM atchExposedType
CONTAINER_MUST_MATCH_EXPOSED_TYPE
container_must_match_exposed type

deferred

The containing Class for a Reference must be equal to or a subtype of the typ
Reference’'s exposed AssociationEnd.

he same.

e of the

context Reference
inv:

self.container.allSupertypes() -> including(self) ->
includes (self.referencedEnd.otherEnd. type)
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[C-27] ReferencedEndMustBeVisible

format1: REFERENCED_END_MUST_BE_VISIBLE

format2: referenced_end_must_be visible

evaluation policy deferred

descri ptior|1: The referenced AssociationEnd for a Reference must be visible from the Refefence.

context Reference
inv: selfl.isVisible (self.referencedEnd)

[C-28] OperationContainmentRul es

format1: OPERATION_CONTAINMENT_RULES

format2: operation_containment_rules

evaluation policy immediate

description: An Operation may only contain Parameters, Constraints, and Tags.

context (peration

inv:
Set{Pgarameter, Constraint, Tag} %'

includesAll (self.contentTypes())

[C-29] QperationsHaveAtMostOneReturn

format1: OPERATIONS HAVE _AT_MOST_ONE_RETURN

format2: operations_have _at_most_one_return

evaluation policy: immediate

descri ptior|1: An Operation may have at most one Parameter whose direction is “return.”

context Operation
inv:
self.contents ->
select (c | c.oclIsTypeOf (Parameter)) ->
select (p : Parameter | p.direction = #return dir) ->
size < 2
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[C-30] OperationExceptionsMustBeVisible

format1: OPERATION_EXCEPTIONS MUST_BE_VISIBLE

format2; operation_exceptions must_be visible

evaluation policy deferred

descriptio]\: The Exceptions raised by an Operation must be visible to the Operation.

context (peration

inv: self]l.exceptions -> forAll (e | self.isVisible(e))
[C-31] ExceptionContainmentRules
format1: EXCEPTION_CONTAINMENT_RULES
format2: exception_containment_rules
evaluation policy immediate
description: An Exception may only contain‘Parameters and Tags.

context Hxception

inv: Seti{|Parameter, Tag}) -> includesAll (self.contentTypes())
[C-32] ExceptionsHaveOnlyOutParameters
format1: EXECEPTIONS HAVE_ONLY_OUT_PARAMETERS
format2: exceptions_have only out_parameters
evaluation policy immediate
description: An Exception’s Parameters must all have the direction “out.”

context Exception
inv:
self.contents ->
select (¢ | c.oclIsTypeOf (Parameter)) ->
forAll (p : Parameter | p.direction = #out dir)
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[C-33]
formatl:
format2:

evaluation policy

AssociationContainmentRul es
ASSOCIATIONS CONTAINMENT_RULES
associations_containment_rules

immediate

descripti 0||1:

context Association
inv:

An Association may only contain AssociationEnds, Constraints, and Tags.

Set{Ag¢sociationEnd, Constraint, Tag} -»>

[C-34]

format1:
format2:
evaluation policy

description:

context Association

includesAll (self.contentTypes())

AssociationsHaveNoSupertypes
ASSOCIATIONS HAVE_NO_SUPERTYPES
associations_have_no_supertypes

immediate

Inheritance / generalizatiorn«s hot applicable to Associations.

inv: self]l.supertypes -> isEmpty

[C-35]
formatl:
format2:

evaluation policy:

descriptioT:

Associ ationM ustBeRootAndL eaf

ASSOCIATIONS MUST_BE_ROOT_AND_LEAF
associations_ must_be root_and_|eaf

immediate

The values for “isLeaf” and “isRoot” on an Association must be true.

context Association

inv: self.isRoot and self.isLeaf
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[C-36] Associ ationsCannotBeA bstract

format1: ASSOCIATIONS_CANNOT_BE_ABSTRACT
format2: associations_cannot_be_abstract

evaluation policy immediate

description: An Association cannot be abstract.

context ANssociation
inv: not |self.isAbstract

[C-37] AssociationsMustBePublic

format1: ASSOCIATIONS MUST_BE_PUBLIC
format2: associations_must_be public

evaluation policy immediate

description: Associations must have visibility ef “ public.”

context ANssociation
inv: selfl.visibility = #public vis

[C-38] AssociationsMustNotUnary

format1: ASSOCIATIONS MUST_NOT_BE_UNARY

format2: associations_must_be not_unary

evaluation policy immediate

description: An Association must not be unary; that is, it must have at least two AssociatignEnds.

context Association
inv: self.contents ->

select (¢ | c.ocllstTypeOf (AssociationEnd)) -> size = 2
[C-39] EndTypeMustBeClass
format1: END_TYPE_MUST_BE_CLASS
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format2: end_type must_be class
evaluation policy immediate
description: The type of an AssociationEnd must be Class.

context AssociationEnd

inv: self

.type.oclIsTypeOf (Class)

[C-40] EndsMustBeUnique

formatl: ENDS MUST_BE_UNIQUE

format2: ends_must_be unique

evaluation policy immediate

description: The “isUnique” flag in an AssociationEnd’ s multiplicity must be true.
context AssociationEnd

inv:

(self|multiplicity.upper > 1 or
self|multiplicity.upper = UNBOUNDED) implies
self .multiplicity.isUnique
[C-41] CannotHaveTwoOrderedEnds
format1: CANNOT _HAVE_TWO_ORDERED_ENDS
format2: cannet_have two_ordered ends
evaluation policy deferred
description: An AssociationEnd cannot have two AssociationEnds marked as “ordered.”

context A
inv:

ssepciationEnd

self .n

[C-42]
formatl:

118

Ultiplicity.isOrdered implies
not self.otherEnd.multiplicity.isOrdered

CannotHaveTwoA ggregateEnds
CANNOT_HAVE_TWO_AGGREGATE_ENDS

© ISO/IEC 2005

- All rights reserved


https://iecnorm.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

format2: cannot_have two_aggregate ends
evaluation policy deferred
description: An AssociationEnd cannot have an aggregation semantic specified for both AssociationEnds.

context AssociationEnd
inv:
self.aggregation <> #none implies self.otherEnd = #none

[C-43] PackageContainmentRules

format1: PACKAGE_CONTAINMENT_RULES

format2: package containment_rules

evaluation policy immediate

description: A Package may only contain Packages, Classes; DataTypes, Associations, Exg¢eptions,

Constants, Constraints, Imports, and Tags:

context Hackage
inv:
Set{P ckage, Class, DataType, Associatior, Exception,
Constant, Constraint, Import, Tag}) ->
includesAll (self.contentTypes)

[C-44] PackagesCannotBeA bstract

format1: PAGKAGES CANNOT _BE_ABSTRACT
format2: packages cannot_be abstract

evaluation policy immediate

description: Packages cannot be declared as abstract.

context Package
inv: not self.isAbstract

[C-45] ImportedNamespaceMustBeVisible
format1: IMPORTED_NAMESPACE_MUST_BE_VISIBLE
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format2:
evaluation policy

description;

context Import

imported _namespace must_be visible
deferred

The Namespace imported by an Import must be visible to the Import’s containing Package.

inv: selfl.container.isVisible (self.importedNamespace)

[C-46]

format1:
format2:
evaluation policy

description:

context Import
inv:

CanOnlylmportPackagesAndClasses
CAN_ONLY_IMPORT_PACKAGES AND_CLASSES
can_only_import_packages and_classes

immediate

It isonly legal for a Package to import or clusterPackages or Classes.

self.lmported.oclIsTypeOf (Class) or
self.lmported.oclIsTypeOf (Package)

[C-47]

format1:
format2:
evaluation policy

description:

context Import

Cannotl mportSelf
CANNOT _IMPORT_SELF
cannot_import_self
deferred

Packages cannot import or cluster themselves.

inv: selfl.container <> self.imported

[C-48]
formatl:

120

Cannotl mportNestedComponents
CANNOT_IMPORT_NESTED_COMPONENTS
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format2: cannot_import_nested_components
evaluation policy deferred
description: Packages cannot import or cluster Packages or Classes that they contain.

context Import

inv: not |self.container.allContents() -> includes(self.imported)
[C-49] NestedPackagesCannotI mport
format1: NESTED_PACKAGES_CANNOT_IMPORT
format2: nested_packages_cannot_import
evaluation policy deferred
description: Nested Packages cannot import or cluster other Rackages or Classes.

context Import

inv:
self.¢ontainer -> notEmpty implies

self.container -> asSequence -> firgt -> container -> isEmpty

[C-50] CannotConstrainThisElement

format1: CANNOT_CONSTRAIN_THIS_ELEMENT

format2; cannot_censtrain_this_element

evaluation policy immediate

description: Congtraints, Tags, Imports, and Constants cannot be constrained.

context {onstraint
inv:
self.¢onstrainedElements ->
TOTAIL(C |
not Set{Constraint, Tag, Imports, Constant} ->
includes (c.oclType())
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[C-51] ConstraintsLimitedToContainer

format1: CONSTRAINTS_LIMITED_TO_CONTAINER

format2: constraints_limited_to_container

evaluation policy deferred

descripti ov|1: A Constraint can only constrain Model Elements that are defined by or inhérited by its

immediate container.

context Jonstraint
inv:
self.¢onstrainedElements ->
forAll(c | self.container.extendedNamespace() ->
includes (c))

[C-52] ConstantsValueM ustM atchType

format1: CONSTANTS VALUE_MUST_MATCH_TYPE
format2: constants_value_must_match ¢type

evaluation policy deferred

description: The type of a Constant@nd its value must be compatible.

context (Jonstant

inv:
[C-53] ConstantsTypeMustBePrimitive
format1: CONSTANTS_TYPE_MUST_BE_PRIMITIVE
format2: constants_type_must_be primitive
eval uation palicy immediate
description: The type of a Constant must be a PrimitiveType.

context Constant
inv:
self.type.oclIsOfType (PrimitiveType)
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L owerCannotBeNegativeOrUnbounded
LOWER_CANNOT_BE_NEGATIVE_OR_UNBOUNDED
lower_cannot_be negative or_unbounded

immediate

descriptio

context M
inv: self

[C-55]

format1:
format2:
evaluatior

descriptio

context M
inv: self

[C-56]
format1:
format2:
evaluatior

descriptio

L

The “lower” bound of a MultiplicityType to be “Unbounded.”

ultiplicityType
.lower >= 0 and self.lower <> Unbounded

L owerCannotExceedU pper
LOWER_CANNOT_EXCEED_UPPER

lower_cannot_exceed_upper

policy immediate
; The “lower” bound of a Multiplicity Type cannot exceed the “upper” bound.
ultiplicityType

.lower <= self.upper or self . upper = Unbounded

policy

UpperMustBePositive
UPPER_MUST_BE_POSITIVE
upper_must_be positive
immediate

The “upper” bound of a MultiplicityType cannot be less than 1.

context MultiplicityType
inv: self.upper >= 1 or self.upper = Unbounded
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[C-57] MustBeUnorderedNonunique

format1: MUST_BE_UNORDERED_NONUNIQUE

format2: must_be unordered_nonunique

evaluation policy immediate

descri ptior|1: If a MultiplicityType specifies bounds of [0..1] or [1..1]), the “is_ordered’andl “is_unique”

values must be false.

context MultiplicityType

inv:
self .ypper = 1 implies

(not self.isOrdered and not self.isUnique)

[C-58] StructuredFieldContainmentRul es

format1: STRUCTURE_FIELD_CONTAINMENT_RULES
format2: structure_field _containment_rulés

evaluation policy immediate

description: A StructureField contains:Constraints and Tags.

context JtructureField
inv:
Set{ | Constraint, Tag}) ->-includesAll (self.contentTypes)

[C-59] MustHaveFields

format1: MUST_HAVE_FIELDS

format2: must_have fields

eval uation pahicty deferred

description: A StructureType must contain at least one StructureField.

context StructureType
inv:
self.contents -> exists(c | c.oclIsOfType (StructureField))
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7.9.5 Semantic specifications for some Operations, derived Attributes and Derived
Associations

[S-1] all Supertypes
kind: query Operation
description: The value is the closure of the ‘Generalizes' Association from the perspectivg of a subtype.

Note that the sequence of all supertypes has a well defined order.

context QJeneralizableElement::allSupertypes ()
Sequence (GeneralizableElement)
post: regult = self.allSupertypes2 (Set{})

[S-2] otherEnd
kind: query Operation
description: The value is the other AssociationEnd for this Association.
context AssociationEnd::otherEnd() : AssogiationEnd
post: redult = self.container.contents <%
select (c | c.oclIsKindOf (AssociationEnd) and c <> self)
[S3] isVisible
kind: query ‘Operation
description: Determines whether or not “otherElement” is visible for the definition of this gement. (Note:

As an interim measure, the OCL states that everything is visible!)

context ModelElement::isVisible (

otherFlement - ModelBElement): boolean
post: result = true
[S-4] findRequiredElements
kind: query Operation
description: Selects a subset of a ModelElement’ s immediate or recursive dependents.
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context ModelElement::isRequiredBecause (
kinds : Sequence (DependencyKind) ,
recursive : boolean) : Sequence (ModelElement)

post: result =
if kinds -> includes(“all”)

then
self.findRequiredElements (
Set{“constraint”, “container”, “constrained elements”,
“specialization”, “import”, “contents”, “signature”,
“tagged elements”, “type definition”,
“referenced ends”})
else
if recursive
then
self.recursiveFindDeps (kinds, Set{self})
else
kinds -> collect(k : self.findDepsOfKind (k) ) /=3 ‘asSet ()
endif
endif
[S-5] findRequiredBecause
kind: guery Operation
description: Returns the DependencyKind-that describes the dependency between this element and
“other.”

context ModelElement::findRequiredElements (
other ¢ ModelElement,
reason : out DependencyKind) : boolean
if there is more than one dependency between self
-- and “other’, the selection of the ‘reason’ is defined
-- to be non-deterministic ... not deterministic as a
-z \beft to right evaluation of the OCL implies.

post: -- |NB,

reasonp = (
if self )-> isDepOfKind(“constraint”, other)

then
“constraint”

else

if self -> isDepOfKind(“container”, other)
then
“container”

else
if self -> isDepOfKind(“constrained elements”, other)

then
“constrained elements”

else
if self -> isDepOfKind(“specialization”, other)

then
“specialization”
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her)

other)

’

s”, other)

else
if self -> isDepOfKind(“import”, other)
then
“import”
else
if self -> isDepOfKind(“contents”, other)
then
“contents”
aloao
if self -> isDepOfKind(“signature”, other)
then
“signature”
else
if self -> isDepOfKind(“tagged elemrents”, of
then
“tagged elements”
else
if self -> isDepOfKind{(“type definition’
then
“type definitiomn”
else
if self ->/isDepOfKind(“referenced end|
then
“refekenced ends”
else
ifi\self -> dependsOn() -> notEmpty/()
then
“indirect”
else
endif
endif
endif
endif
endif
endif
endif
endif
endif
endif
endif)( and
result = (Feason <> “")
[S-6] lookupElement
kind: query Operation
description: Returns the Model Element in the Namespace whose name is equal to “name,” or raises an

exception.
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context Namespace::lookupElement (name
post: result =

let elems =

string) : ModelElement

self.contents -> select(m | m.name = name) in

if elems -> size = 0
then
-- Raise exception NameNotFound
else
elems -> first -- should only be one
endif
[S7] resolveQualifiedName
kind: query Operation
description:

Returns the Model Element that “ qualifiedName” resolves to or raises an exception.

context Namespace::resolveQualifiedName (

qualifiedName : Sequence (string))
pre: qualifiedName -> size >= 1

post: regult =

ModelElement

let elems = self.contents -»>
select (m | m.name = qualifiedNamer-> first) in
if el¢ms -> size = 0
then
-- Raise exception NameNotResolyed
else
if qualifiedName -> size = 1
then
elems -> first -- there should only be one
else
if not elems (-3 first -> oclIsOfKind (Namespace)
then
-“N\Raise exception NameNotResolved
else
let rest = qualifiedName ->
subSequence (2, qualifiedName -> size) in
elems -> first -> resolveQualifiedName (rest)
endif
endif
endif
[S-8] NamelsValid
kind: query Operation
description;

Returns true if “proposedName’ is a valid name that could be used for a new
containedElement of this Namespace.
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context Namespace: :nameIsValid(

proposedName : string) : boolean
post: result =

self.extendedNamespace ->
forAll (e | not e.name = proposedName)

[S-9] fmMdErementsBy Type
kind: query Operation
description: Returns a subset of the contained elements. If “includeSubtypes’ isfase, the

result consists
of instances of “of Type.” If it is true, instances of subClasses are.included.

context Namespace::findElementsByType (
ofType : Class,

includeSubtypes : boolean) : SequendefModelElement)
post: regult =

if ing¢ludeSubtypes

then
self.contents -> select(m | m.oclIsOfKind(ofType))
else
self.contents -> select(m | m.oclIsOfType (ofType))
endif
[S-10] | ookupel ementExtended
kind: query Operatioh
description:

Returns the,M odel Element whose name is equal to “name” in the extended nan

hespace of this
GeneralizableElement, or raises an exception.

context Namespace: :dookupElementExtended (

name : string) : ModelElement
post: regult =

let elems,=\self -> extendedNamespace ->

select (m | m.name = name) in
if elems¥-> size = 0
then

-- Raise exception NameNotFound
else

elems -> first -- should only be one
endif
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[S-11] findElementsBy Ty peExtended

kind: query Operation

description:; Returns a subset of the contained, inherited, or imported elements. If “includeSubtypes’ is
false, the result consists of instances of “of Type.” If it is true, instances of subClasses are
inctoded:

context JeneralizeableElement::findElementsByTypeExtended (
ofType : Class,
includeSubtypes : boolean) : Sequence (ModelElement)
post: redult =
if in¢ludeSubtypes

then
self.extendedNamespace -> select(m | m.oclIsOfKind(ofType))
else
self.extendedNamespace -> select(m | m.oclIsOfType (0fType))
endif
[S12] qualifiedName
kind: readonly derived Attribute
description: The qualified name gives the sequence of names of the containers of this ModelElement
starting with the outermost.
context ModelElement::qualifiedName () : Sequence (ModelElement)

post: redult =
if self.container -> mOtEmpty

then
self.container.qualifiedName () -> append(self.name)
else
self.name
endif
[S-13] Exposes
kind: derived Association
description:; This association relates a Reference to the exposed AssociationEnd of an Association that

corresponds to its referencedEnd.
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context Reference
inv: AssociationEnd.allInstances ->

forall (
a |
self.references = a implies self.exposes = a.otherEnd and
not self.references = a implies self.exposes <> a.otherEnd)
[S-14] DependsOn
kind: derived Association
description: This association relates a Model Element to the other Model Eleménts'whose definition it
depends on.
context ModelElement
inv: selfl.findRequiredElements (“all”, true)

7.9.6 QCL Helper functions

[O-1] all Supertypes2
description: Helper function for theall Supertypes operation.

context JeneralizableElement: :allSupertypes2 (
visited : Set\GeneralizableElement))
Sequence (GeneralizableElement)
post: redqult =
if (vilsited -> includes (self))
then
Sequence{}
else
let mySupers : Sequence (GeneralizableElement) =
self.supertypes ->
collect (s |

S—at-Supertypesatriai-ted
including(self))) in
mySupers ->
iterate(s2 : GeneralizableElement;
a : Sequence (GeneralizableElement) = Sequence{} |
if a -> includes(s2)
then
a
else
a -> append(s2)
endif)
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[O-2] extendedNamespace

description: The extendedNamespace of a Namespace is its contents, the contents of its supertypes, and
any Namespaces that it imports.

context Namespace: :extendedNamespace () : Set (ModelElement)
post: redult =
self.¢ontents
context JeneralizableElement::extendedNamespace : Set (ModelElement)
post: regult =
self.qontents -»>
union(self.allSupertypes() -> collect(s | s.contents)\
context Hackage: :extendedNamespace : Set (ModelElement)
post: redult =
let eps = self.contents -»>
union(self.allSupertypes() -> collect (s ] sVvcontents)) in
let ifports = ens -> select(e | e.oclKindOf (Import)) ->
collect (i : Import | i.imported) in
ens -1 union (imports)
[O-3] contentTypes
description: The set of OCli-types for a Namespace's contents.
context Namespace::contentTypes () : Set (OCLType)
post: regult = self.copternts -> collect(m | m.oclType()) -> asSet
[O-4] format1Name
descripti OTZ The simple name of the element converted to words and reassembled according to the
context ModelElement::formatlName () : string

post: result =
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[O-5] repositoryld
description: The qualified name of the element converted into a standard CORBA repositoryld string.
context MedetEtement—repositoryidt) Sty

post: reJult =

[O-6]

description:

context ModelElement:

post: redult =
let s¢en2 =

if se¢n2 =
then

seen

seen
else

endif

[O-7]

description:

:recursiveFindDeps (

seen ->
collect (m | kinds ->
collect (k | m.findDepsOfKind (k)

self.recursiveFindDeps (kinds,

recursiveFindDeps

The set of ModelElements that recursively depend on this-one:

kinds
seen :

Sequence (string),

Set (ModelElement) ) Sets(ModelElement)

-> asSet) in

seen2)

isDepOfKind

Returns true if this element depends on ‘other’ with a dependency of ‘kind.’

context ModelElemént: :isDepOfKind (
kind string,
other ModelElement) boolean
post: resulte—setf fHadbepsofkind-Heindy Hretudes{tother)
[O-§] final DepsOfKind
description: The set of Modelelements that this one Depends on with “kind” dependency.
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context ModelElement: :findDepsOfKind (

kind : string) : Sequence (ModelElement)
post: result =
if kind = “constraint”
then self.constraints()
else if kind = “container”
then self.container ()
else if kind = “constrained elements” and
ag'lg -;nf\r--l"l"-xlrp Of (Oaonmot o a4+ )
then gelf -> oclAsType (Constraint) -> constrainedElements ()
else 1f kind = “specialization” and

self -> 1s0OclKindOf (GeneralizableElement)
then gelf -> oclAsType (GeneralizableElement) -> supertypes ()

else 1f kind = “import” and self -> isOclType (Import)

then gelf -> oclAsType (Import) -> importedNamespace ()

else 1f kind = “contents” and self -> isOclKindOf (Namespace)
then gelf -> oclAsType (Namespace) -> contents()

else 1f kind = “signature” and self -> isOclTypeOf (Operation)
then gelf -> oclAsType (Operation) -> exceptions()

else 1f kind = “tagged elements” and

self -> isOclTypeOf (Tag)
then gelf -> oclAsType(Tag) -> elements()
else 1f kind = “type definition” and
self -> isOclKindOf (TypedElement)
then gelf -> oclAsType (TypedElement) -> type ()
else 1f kind = “referenced ends” and
self -> isOclKindOf (Reference)
then
let ref = self -> asOclType (Reference) in

ref -> referencedEnd() -> union(ref -> exposedEnd())
else
Set{}
endif|endif endif endif endifrendif endif endif endif endif

7.10 The PrimitiveTypes-Package

The MOF defines a package called PrimitiveTypes that contains the MOF's standard collection of primitiye data types.
These types are available for.tse in al MOF meta-models. Some of them (Boolean, Integer, and String) are used in the
specification of the MOE"Model as an instance of itself.

The PrimitiveTypes:Package is a MOF meta-model whose name is “PrimitiveTypes.” The package contains the
PrimitiveType instances defined below, and no other instances. These instances denote the MOF's standalld technol ogy-

neutral primitive data types.

NOTE: Technology mappings shall recognize standard PrimitiveType instances based on their qualified names. Multiple
PrimitiveType instances with the required qualified name shall be deemed to mean the same thing.

The sub clauses below define the 6 standard technology neutral primitive data types and their value domains. They also
define the standard syntax used in the “value’ attribute of a Constant instance; see “Constant” on page 82.

134 © ISO/IEC 2005 - All rights reserved


https://iecnorm.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

7.10.1 Boolean
This primitive data type is used to represent truth values.
value domain The set of the boolean values ‘true’ and ‘false.’
constant value syntax ‘TRUE,” ‘FALSE’ (case sensitive)
7.10.2 Integer
This primit|ve data type is the set of signed (two’s complement) 32 bit integers
value domdin The subset of the integers in the range -23% to +231 - 1
constant vglue syntax CORBA IDL integer literal syntax with an optional leading ‘-”character.
7.10.3 Lpng
This primit|ve data type is the set of signed (two’s complement) 64 bit integers
value domdin The subset of the integers in the range -25%to +253 - 1
constant vglue syntax CORBA IDL integer literal syntax withan optional leading ‘-’ character.
7.10.4 F|oat
This primit|ve data type is the set of IEEE single précision floating point numbers (see ANSI/IEEE Standard 754-1985.
value domdin The subset of the rational numbers that correspond to the values representable as IEEE single
precision flgating point numbers.
constant vglue syntax CORBA IDL floating point literal syntax with an optional leading ‘-’ character.
7.10.5 Double
This primit|ve data typeisthe set of IEEE double precision floating point numbers; see ANSI/IEEE Stanglard 754-1985.
value domdin The subset of the rational numbers that correspond to the values representable as |EEE double
precision floating point numbers.
constant valtie syntax CORBA TDL floating point lteral Syntax with an optonal Teading - char acter.
7.10.6 String

This primitive data type is the set of all character strings that consist of 16 bit characters (excluding NUL).

value domain

The infinite set of al finite sequences of 16 bit characters (excluding the zero character value).

constant value syntax

quotes and contains no character escape sequences.)

A sequence of 16-bit characters. (Note: a Constant’s ‘value' string for a String has no surrounding
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7.10.7

IDL for the PrimitiveTypes Package

The IDL for the “PrimitiveTypes’ package is given below. It is generated by applying the MOF to IDL mapping to the
PrimitiveTypes Package. This IDL would typically be “#included” by IDL for meta-models (e.g., the MOF Model IDL).

NOTE: Thisisnot the IDL for the MOF objects that represent the primitive types.

#pragma p
module Pri

h

/l Collg
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede

/I This
interfa

/I This
/l Therg
interfa

Pri

et ergormgrrot

mitiveTypes {

ction types for the six standard MOF primitive data types
sequence < boolean > BooleanBag;
sequence < boolean > BooleanSet;
sequence < boolean > BooleanlList;
sequence < boolean > BooleanUList;
sequence < long > LongBag;
sequence < long > LongSet;

sequence <long > LongList;
sequence <long > LongUList;
sequence <long long > LongLongBag;
sequence <long long > LongLongSet;
sequence <long long > LongLongList;
sequence < long long > LongLongUList;
sequence < float > FloatBag;
sequence < float > FloatSet;

sequence < float > FloatList;

sequence < float > FloatUList;
sequence < double > DoubleBag;
sequence < double > DoubleSet;
sequence < double > DoubleList;
sequence < double > DoubleUList;
sequence < wstring > WStringBag;
sequence < wstring > WString Sét;
sequence < wstring > WStringList;
sequence < wstring > WStringUList;

nterface would be inheritted by IDL for a Package declared as a sub-package of PrimitiveTy
e PrimitiveTypesPackage : Reflective::RefPackage { };

nterface is{present because we can’t declare PrimitiveTypes as an abstract Package.
 iS no pdint instantiating it.
e PrimitiveTypesPackageFactory {
mitiveTypesPackage create_primitive_types_package()
raises (Reflective::MofError);

pes

7.11 Standard Technology Neutral Tags

This sub clause defines the standard Tags that apply to all meta-models, irrespective of the technology mappings used.
Other Tags may be attached to the elements of a meta-model, but the meaning of these Tags is not specified here. Tags
relevant to the IDL mapping are defined in 9.6, “ Standard Tags for the IDL Mapping,” on page 194.

Table 7.5 shows the conventions used to describe the standard Tags and their properties.
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Table 7.5 Notation for Describing Standard Tags

tag id: A string that denotes the semantic category for the tag.

attaches to: Gives the kind(s) of Model::ModelElement that this category of tag can be meaningfully
attached to.

values: Gives the number and types of the tag's values (i.e., parameters), if any. Parameters are
expressed as an ordered sequence of Strings.

meaning: Describes the meaning of the tag in this context.

idl generation: Defines the tag’'s impact on the generated IDL.

restrictions: Tag usage restrictions - for example: “at most one tag of this kindchpér element,” or “tag

must be contained by the meta-model.”

NOTE: There are no standard technology neutral Tags at thistime.
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8  The MOF Abstract Mapping

8.1 Overview

9502:2005(E)

This Clause describes the MOF's M 1-level information model, and the common principles underlying mapping specific
M1-level computational models. Since it is intended to be independent of any mapping to implementation technol ogy, the

material is

8.2 MOF Values

ather abstract

A MOF mdta-model is an abstract language for defining the types of meta-data. The M2-level eonstructsfused in a meta-

model map

An M2-lev

e |Inst

from another. Object identity isintrinsic and permanent, and is not dependent on other properties such
valyes.

e Inst
« Nul

By contrast, an M2-level DataType defines a type with thefollowing properties:

o Dat
o Dat
« Nul

8.3 Semantics of Data Types

Data types

+ MO

| Class defines an M1-level Instance type with the following properties;

hnce typed objects can be linked via an Association.

isavalid instance of an M2-level Class, though theréare limitations on its use.
Ityped values do not have full object identity; see below.

typed values cannot be linked via an.A'ssociation.

isnot avalid instance of an M2:-level DataType.

n MOF meta-models/fall into two groups:

onto M1-level representations as MOF values. The types of these M1-level valles‘can be defined using either
M2-level Classes or M2-level DataTypes.

bnce typed objects have full object identity; that is, it is always possibleto reliably distinguish one instance (object)

as attribute

- standard technology neutral datatypes; that is, the 6 standard primitive data types (Boolean, I nteger, Long, Float,

Doyble, and Sting) and those produced using the constructors EnumerationType, CollectionType, StrfictureType, and

AligsType,
« Nativetypes (i.e., other datatypes. Native data types are not technology neutral).

Each data type in a MOF meta-model denotes a finite or infinite set of values. In the case of the standard

neutral MOF data types and constructors, these sets are as follows:

» Thetype Boolean consists of two values that are conventionally called “true” and “false.”

« Thetype Integer is the subrange of integers from -231 to +251 - 1.

« Thetype Long isthe subrange of integers from -283 to +23 - 1.

technology

« Thetype Float is the the subrange of the rational numbers whose values are AIEEE 764 single precision floating point
numbers.
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NOTE: Evd
concrete tyyd

The type Doubleis the subrange of the rational numbers whose values are |EEE 764 double precision floating point
numbers.

The type String is the set of al possible finite length sequences of the UTF16 characters (excluding the NUL or zero
character).

An enumeration type is the set of the EnumerationType |abels or enumerators.

Ast

ructure type is the set of al tuples whose field values are members of the types of the StructureTy

€'s respective

Strul

A collection typeisthe set of all collections of the CollectionType's type, limited according to-the Col

mul

An gliastypeis asubset of the AliasType's type.

ctureFields.

iplicity.

ry M OF technol ogy mapping must define a mapping from the standard M OF.technology neutral d
e such that every value in the value domain has a distinct representation Using the concrete type. A

lectionType's

atatypesto a
\ technology

mapping that does not support all of the data types, or that maps them in away that |oses information isnot valid.

It is not pogsible to define the sets of values that comprise native types in-a-technology independent way.

8.4  Semantics of Equality for MOF Values

Much of the detail of the MOF computational model depends.on a notion of equality of values. For example, the precise
formulation of the “no duplicates’ rule for link sets depends.on a definition for what it means for object type instances to
be equal.

Equality of[ MOF Values is defined as follows:

1. Ingtances of Classes are equal if and only’if they have the same identity. Equality does not take into gccount the val-
ues of Attributes for the instances or;the links involving the instances. The null Classinstance isonly equal to itself.

2. Values of all MOF data types are'incomparable if they do not have the same type.

3. Values of MOF standard-primitive data types are equal if and only if they denote the same element gf the set that
defines the primitivetype.

4. Va|ues of MOF-enumeration data types are equal if and only if they denote the same enumerator.

5. Values of MOF collection data types are equal if and only if they have the same number of elements|For a‘bag’ or
‘set,” there'must be a 1-for-1 correspondence between the collection elements such that the corresponding elements
befequal according to theserules. For a‘list’ or ‘ordered set,” the elements at each position in the collection must be
equal according 1o these rules.

6. Vauesof MOF structure types are equal if and only if they have the same type and the corresponding structure fields
are equal according to these rules.

7. Vauesof MOF diastypesare equal if and only if they have the same type and their values compare as equal in the
context of the alias type's base type.

8. The meaning of equality for native type valuesis not specified here. In some mappings, some native values may be
incomparable.
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NOTE: The meaning of equality for values of incomparable typesis not defined. However, thisis not an issue since the
semantics of MOF metadata do not depend on being able to compare such values.

85 S

emantics of Class Instances

One and only one M1-level Instance is a value whose type is described by an M2-level Class. An Instance has the

following p!

roperties in the MOF computational model:

« It has object identity. This has different implications depending on the mapping, but in general it méar
congeptually distinct Instance values can exist whose component values are the same.

« It hasadefinitelifetime. An Instance valueis created in response to particular events in thecomputati

con

o |tis|
“EX

inues to exist until it is deleted in response to other events.

created in a computational context known as a Class extent, and remains in that 'extent for itslifet
ents,” on page 145.

s that many

bnal model, and

me; see 8.8,

It can have attribute values defined using M2-level Attributes; see 8.6, “ Semantics of Attributes,” on page 141.

» It can belinked to other Instances; 8.9, “ Semantics of Associations,” onpage 149.

Not al M2
Classes thal
of the clasg

The null ingtance of an M2-level Class has a conceptual identity that is distinct from other (non-null) insf

conceptuall
I nstances (¢

NOTE: Wh
torelyonb

86 S

Attributes 3
level. An A
some other

« the

« the

level Classes can have corresponding M 1-level Instances.dn particular, Instances can never b
have “isAbstract” set to true. In addition, if an M2-level‘Class has “isSingleton” set to true, on
can exist within an extent for the Class.

y exists forever in all Class extents, but it does\not have attribute values and cannot be relateg
r itself) by an Association link.

le null iscurrently avalid Class instance, some technology mappings do not support it. Therefore
bing able to use the null instance valuein atechnology neutral metamodel.

emantics of Attributes

re one of two mechanisms provided by the MOF Model for defining relationships between v3
ttribute of an M2-level Class defines a relation between each M1-level Instance of the Class,
type. The Attribute specification consists of the following properties:

A\ ttribute’'s“hame,”

A\ttribute’s “type” which may be expressed using a Class or DataType,

b created for
ly one Instance

ances. Null
to other

it isinadvisable

ues at the M 1-
pnd val ues of

e a

Cope” specification

Y

isibility” specification,

« a“multiplicity” specification,

. ann

e an®

isChangeable” flag,
isDerived” flag, and

« an (implicit) aggregation specification.
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Many aspects of the M1-level computational semantics of Attributes depend on the mapping used. The following sub
clauses describe those aspects of the semantics that are mapping independent.

8.6.1 Attribute name and type

The “name” and “type’ of an Attribute define the basic signature of a notional binary relationship between a Class
instance and an attribute value or values. For example, an Attribute declaration of the form:

class Cl

assl {

attribute attr 1 AttrType;

}i

defines a ngtional relation between an M1-level type corresponding to the Classl and an Md-level type carresponding to
the AttrTyge. The three main kinds of relation that can exist between a Class and an Attribute are illustra
Figure 8.1. [The figure shows cases where an Attribute’s “multiplicity” bounds are “[1..1]” (single-valued

(optional) gnd “[m..n]” (multi-valued) respectively. Each notional relation is distinguishable from others fq

the Attribut

e's “name.”

atr 1 atr 2 atr 3
Classl AttrType Clas? AttrType Class3 AttrType
1 0.1 m..n
single-valued Attribute optional Attribute multi-vaued Attribute
Figure 8.1 { Notional Class — Attribute Relations
An M2-levgl Attribute’s “type” can be either-a Class or a DataType. In the former case, the Class — Attr

relates M 1-
to the Clasy

In the follo
aClass —
for this typq
see, the phi

862 M

evel Instances correspondingto the two Classes. In the latter case, it relates M 1-level Instances
to M1-level Instances corrésponding to the DataType.

ving sub clauses, it is'often necessary to talk about the type of the M1-level Instances on the A
\ttr Type relation{ To make the text more readable, we will use the phrase “the Attribute’s M 1-I

e rather than referring to it as “the M1-level type corresponding to the M2-level Attribute’s “typ
ase “the Aftribute’'s M1-level type” is best used for another purpose.

ultiplicity

fed below in
, “[0..1]"
r that Class by

Type relation
corresponding

\ttrType end of
bvel base type”
e.” Aswe shall

The “multiplicity” property defines the cardinality, uniqueness, and orderedness of an Attribute as follows:

» The“lower” and “upper” fields set the bounds on the number of elements (i.e., cardinality) allowed in an Attribute
value; that is, the “(collection of) AttrType” in Figure 8.1 and Figure 8.2 on page 143. Discussion of multiplicity
usually needs to deal with three cases:

« If the “lower” and “upper” are both 1, the Attribute is single-valued; that is, the “value’ is asingle instance

belonging to the Attribute’'s M 1-level base type.

« If the “lower” is0 and “upper” is 1, the Attributeis optional; that is, the “value” is either an instance belonging to
the Attribute’ s M1-level base type, or nothing.

142

© ISO/IEC 2005 -

All rights reserved


https://iecnorm.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

 Otherwise, the Attribute is multi-valued; that is, its “value” is acollection of instances belonging to the Attribute's
M1-level base type.

e The“isUnique” flag specifies whether or not a multi-valued Attribute is allowed to contain duplicates; that is,
elements that are equal according to the definition in 8.4, “ Semantics of Equality for MOF Values,” on page 140.

* The“isOrdered” flag specifies whether or not the order of the elements in a multi-valued Attribute are significant.

The “multiplicity” settings of an M2-level Attribute have considerable influence on the M1-level Attributes values. In

particular, i
In addition

3

runtj

runt

3

me(g

The “multij
Attribute v

It should b
relation hag
863 S
The “scope
independen

Attribute, 4
Thisisillug

hanisms that allow the user to specify the order of the elements of a multi-valued Attribute.

licity” may also have considerable impact on the APIs that a mapping.prevides for accessing

f

cope

E relationships exist between instances of My€lass and instances of AttrType. For a “classifier

trated in Figure 8.2.

determimes whether the M=tevettypeof the Attribute s the vt t=tevet-base type; oracottecti
the “multiplicity” may also cause:

me checks to ensure that a multi-valued Attribute’s cardinality lies within a given range,

me checks to ensure that a multi-valued Attribute does not contain duplicate members;’and

Ues.

noted that when an M2-level Attribute has “isOrdered” set to‘true, the corresponding Class -
an associated partial ordering when viewed from the Class role.

" of an Attribute can be either “instance level” or “classifier_level.” For an “instance level” 4

single instance of AttrType (or a collection,of AttrType) is related to all instances of MyClas

my_attr

MyClass

AttrType sSingle-valued MyClass LAttrType

my_attr

MyClass

AttrType optional MyClass L:AttrType

0.1

fy_attr

pn of that type.

and updating

— AttrType

\ttribute,
| level”
5 in the extent.

my attr

MyClass

AttrType multi-valued MyClass AttrType

C
=1
1

m..n m..n

instance-level scoped attributes

Figure 8.2 -

classifier-level scoped attributes

Instance-level versus Classifier-level scoping

NOTE: For the classifier-level Attributes, the diagrams are intended to show that all MyClass instances are related to asingle
instance or collection of instances of AttrType.
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8.6.4 Is_derived

The “isDerived” flag indicates whether the notional relationship between a Class instance and the Attribute type instances
is stored or computed.

8.6.5 Aggregation

The possibleaggregationsemeanticsof anAttributedependomritstype—————————————————————————————
- If ap Attribute's type is expressed as a DataType, it has “ hon-aggregate” semantics.
« If ap Attribute’s typeis expressed as a Class, it has “ composite” semantics.

In cases where an Attribute has “composite” semantics, the Class instance that is the value of\ the Attribute|is a component
of the Class instance that contains the Attribute, not vice-versa

NOTE: The above description reflects the fact that the Attribute model element does\not have an “aggregation” attribute. A
Class-valuel Attribute with “non-aggregate” semanticsis currently expressed by-making the Attribute's type f DataType,
where the QataType's “typeCode” is an object reference type that is linked to,the'€lass via a TypeAlias.

8.6.6 V|sibility and is_changeable

The “visibi|ity” property of an Attribute determines whether orhot any operations for the notional relation should be
present. Sirpilarly, the “isChangeable’ property determines whether update operations are present. The prgsence or
absence of these operations do not alter the semantics of. the’Attribute.

8.7 Package Composition

This sub clfause summarizes the meta-model cemposition mechanisms supported by the MOF Model and discusses their
impact on M1-level semantics.

8.7.1 Ppckage Nesting

Package nesting is the simplest-ef the MOF's Package composition mechanisms. At the M2-level, Package nesting is
expressed ly making the outer Package the “container” of the nested Package. The definition of the Contains association
in the MOH Model meansthat Package nesting is a strict compaosition relationship.

The main iptended-function of Package nesting is information hiding. Placing a Class or DataType in an |nner Package
rather than pn outer one notionally makes it less visible to other meta-models. When the MOF visibility rdles are defined
(in a futurefrevision of this specification), this information hiding will be more strongly enforced.

Nesting of Packages also affects the M1-level interfaces and implementations. The meaning of any element of a meta-
model is potentially dependent on its context in a variety of ways. Thus, when the element is defined in a nested Package,
its meaning may depend on the outer Package; for example, on Constraints or Classifiers declared therein. This means
that anything that uses a nested element will also implicitly depend on the context. To avoid potential M 1-level anomalies
caused by this kind of dependency, the MOF Model does not allow a meta-model to import a nested Package or a
Classifier defined within a nested Package.
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The M1-level semantics of Package nesting are as follows. The behavior of an M1-level instance of a Classifier declared
in a nested Package depends on state in both its immediate Package, and its enclosing Packages. As aresult, the M 1-level
instance of the nested Classifier isinextricably tied to other instances within the outermost enclosing Package extent; see
8.8.4, “Package Extents,” on page 147.

8.7.2 Package Generalization

-\ aval D ae-to-—re

Package generahzation WS-y ve-Package-to oF-the-gefnitons-ef-anetherM2-tevel-Parkage. Package
generalization is expressed at the M2-level by connecting the super-Package and sub-Package using a.Genheralizes link.
(The MOF Model’'s Constraints mean that Generalization is effectively an aggregation in the UML (sense|

The M1-leyel semantics of Package generalization are as follows. The behavior of M 1-level instances of the elements of
an M2-levd Package typically depends on M1-level behavior for M2-level super-Package elemients. Indegd, an M1-level
Package “i:[stance" is substitutable for M1-level Package instances for M2-level super-Packages.

Package inlperitance does not create any relationship between an instance of the supér-Package and an instpnce of the sub-
Package. Therefore an M1-level Package extent is not related to M1-level super-\or* sub-Package extents;|see 8.8.4,
“Package Bxtents,” on page 147.

8.7.3 Ppckage Importation

Package importing alows an M2-level Package to selectively reuse definitions from other M2-level Packpges. Package
importation is expressed at the M2-level by placing an Import ifrthe importing Package that is related to fthe imported
Package by an Aliases link. In this case, the M2-level Import object has its “isClustered” attribute set to false. Since
Package importation can be cyclic, it is neither an aggregation or a composition in the UML sense.

NOTE: The MOF Model’s Constraints make it illegaldor a Package to import itself, or for any Package to import a nested
Package. Furthermore, while the MOF Model allows Package importation to be cyclic, the preconditions for the MOF Model
to IDL mapping disallow most dependency cycles, including those between Packages that result from cyclic importation.

The M1-leyel semantics of Package imiportation are minimal. No substitutability or state relationships exilst between the
M1-level instances of an importing or.imported Package, or between their respective extents. Indeed, an ifmporting

Package wi]l typically not even-share implementation code with the imported Package.

8.7.4 Ppckage Clustering

Package cliistering-alows an M2-level Package to selectively reuse definitions from other M2-level Packbges, and also
share M1-lg¢vel implementation infrastructure. The M2-level expression of Package clustering is similar t¢ that for
Package impottation; see above. The difference is that the Import object has “isClustered” set to true.

The M1-level semantics of Package clustering are similar to those of Package nesting because a cluster Package instance
has its clustered Package instances as its components. However, unlike nested Packages, it is still possible to have a free-
standing M1-level instance of such a Package whose extent is unrelated to any extent of a cluster Package.

8.8 Extents

This sub clause introduces the concept of an “extent” in more detail, and then gives the formal definitions of the extent of
a Class, an Association, and a Package.
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8.8.1 The Purpose of Extents

Current generation middleware systems typically aim to allow clients to use objects without knowledge of their locations
or context. However, groups of objects generally exist in the context of a“server,” which has responsibility for managing
them. The implementation of an object often uses knowledge of its shared context with other objects to optimize
performance, and so forth.

While statements about object |ocation have no place in the M OF specification, the MOF Computational Model assumes
a notion of [context in many areas:

» Thelclassifier-scoped features of an M2-level Class are notionally common to “all instances’ ef\the Cliass.
«  Mappingstypicaly allow aclient to query over “all links” in an Association instance.

It isimpractical to define “all instances” or “all links” as meaning all instances or links inthe known univérse. Therefore,
the MOF specification defines logical domains of M1-level instances that are the basis of these and other|“for all”
quantificatipns. These domains of M1-level instances are called extents.

Figure 8.3 shows the extents defined by two “instances’ (on the right) of the example meta-model on the ljeft. Notice that
the static ng¢sting of Packages, Classes, and Associations inside other PackageS'is mirrored in the extents [i.e., the dotted
ovals).

—‘ P1 extent
P1 B T
‘ P2 extent .
e IR TR
' Alinks . Cls + . rc2s |
P1::C1 P1 extent
PL:A T
Zf LTI T ST '
PG> ! AIinksl Cils ! " C2s: :
P2 extent '

Figure 8.3 - 'Exfenis for two meta-model Instances

Every Class instance or link belongs to precisely one Class or Association extent. These extents are part of Package
extents, depending on the “lexical” structure of the meta-model. This means that extents are strictly hierarchical in nature.
As we shall seein 9.2.1, “Meta Object Type Overview,” on page 161 extents are related to the intrinsic container
semantics of meta-objects.

NOTE: Thereisno requirement that extents have any manifestation in the partitioning of objects between physical MOF
servers. However, there are clear performance advantages in implementing such a partitioning.
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lass Extents

The extent of a Class is defined to be the complete set of M1-level instances of the Class that share classifier-scoped
properties (e.g., Attribute values). A Class instance is created in the context of a Class extent and remains within that
extent for its entire lifetime (i.e., until the instance is explicitly deleted).

883 A

ssociation Extents

The extent
the context

884 P

The extent
following r

1. W

angl Associations.

2. W
Pal

3. W

extents for the clustered Packages.

4. W

When a Pag
each directl
extent for H

pf an Association is defined to be the complete set of M1-level links for the Association. A'li
of an Association extent and remains within that extent for its entire lifetime.

ackage Extents

pf a Package is a conglomeration of the extents of Classes, Associations, and other Packages g
| es:

nen an M 2-level Package contains a Class or Association, an extent for. the Package contains extent

nen an M 2-level Package contains nested Packages, an extent/for the outer Package contains exter]
ckages.

nen an M2-level Package clusters one or more other Packages, an extent for the cluster Package ag

nen an M2-level Package inherits from another‘Package, an extent for the sub-Package:
a. contains an extent for each nestedPackage, Class, or Association in the super-Package,
b. aggregates an extent for each(Package clustered by the super-Package, and

C. aggregates or contains extents by recursive application of rule Clause 4 to the super-Pag
super-Packages.

kage inherits from angther Package by more than one route, the sub-Package extent will contai
y or indirectly inhefited Class, Association, or nested Package. Thisisillustrated in Figure 8.4.
ackage P4 contains only one C1 extent.

nk is created in

ccording to the

5 for the Classes

ts for the inner

gregates the

kage's

h one extent for
Notice that the
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Figure 8.4 } Extents for Multiply Inheriting Packages

When a Pagkage clusters other Packages by more than one route, the outer cluster Package will contain orje extent for all
directly or indirectly clustered Packages. Thisis illustrated\in Figure 8.5. Notice that the relationship between the extents
of a cluster|Package and the extents of the clustered Packages is aggregation rather than strict containmertt. In particular,
in the P4 case, the extent for P1 is not fully contained by either the P2 or P3 extents.

P1 extent
PL ' Cls |
«lugters» | L «clusters> 7077 PLextent o Pllextent
=i P3| 1 Clsoolocos) T e
2CP P3.C3 Nt o ‘
____________ Pdetent
N\ i JP2extent . P3extent
\ P4 / - N . Plextent - . !
«clusters»\ /  «clusters» G N R
P4:Ch pooCasp o CIsir o css) s cs)

Figure 8.5 - Extents for Clusters of Clusters

148 © ISO/IEC 2005 - All rights reserved


https://iecnorm.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

NOTE: The extent for an M2 Package that imports (rather than clusters) other Packages does not contain extents for the
imported Packages or their contents.

8.9 Semantics of Associations

Associations are the MOF Model’s second mechanism for relating MOF values at the M1-level. A MOF M2-level
Association defines a binary relation between pairs of M1-level Instances, where the relationships in the relation are

a”ed L k Thalinlka faor o0 v an MO 1o al A ation faall, balona +a o 1 Lal, ont
C INKS—rRe=HES16f YrveITIviZ eV eI 7 v S0t atrorT CONCCPTOaITy - OCIromngto o CTT iS5Gt

NOTE: Whilethe MOF Model appears to support N-ary Associations, thisis not so. There is a Constraint tha states that an
Association must have precisely 2 Association Ends; see “AssociationsMustNotUnary,” on page 117.

An M2-levél Association definition specifies the following properties:
+ an Association “name,”

» apdr of AssociationEnds that each have:
* 8“name,”

e a“type,” which must be a Class,

e a“multiplicity” specification,

* an “isNavigable” flag, and

* an “isChangeable” flag.

« an“jsDerived” flag that determines whether the AssocCiation Links are stored explicitly or derived from other state.
8.9.1 MOF Associations in UML notation

A MOF Aspociation is represented in UML notation as shown in Figure 8.6.

<Association Name>

<Classl Namex <end1 name> <end? name> | <Class2 Name>

<endl multiplicity> <end2 multiplicity>

aggregation - none —4 aggregation - composite

——<> aggregation - shared ——=  navigablein direction indicated
Figure 8.6 - An M2-level Association in UML notation
The connecting line denotes an Association between two Classes. The text of <Association Name>, <endl name> and

<end2 name> denote the “name” values for the respective Association and AssociationEnds. If the Association name is
preceded by a forward slash, the Association has “isDerived” set to true.
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The Class boxes denote the respective types of the two ends. If the two ends of an Association have the same type, the
Association line loops around so that it connects a Class box to itself.

The <end1 multiplicity> and <end2 multiplicity> text give the multiplicity settings for the respective ends of the
Association. The text that can appear here consists of an optional bounds specification with syntax:

<bounds>::= [<number> ‘..’] (<number> | ‘*’)

and the Opt.Ul Yat :'\cyvvuu.lI “ordered:

Finally, the

« An

o Afi

« Anarrow head indicates that the Association is navigable from the Instance at.the other end to the Ins
labdled end.

NOTE: There are a couple of anomaliesin the mapping of UML Association:hotation to MOF Associations.
navigabilityl and aggregation are orthogonal in the MOF, it is not possible’to put both adiamond and an arrow

empty diamond indicates that the Instances at the labeled end “ share” the Instances at-other end.

led diamond indicates that the Instances at the labeled end are “composed” of.Instances at the oth

navigability and aggregation of the ends of the Association are (partially) specified by the-symbols at the
respective énds of the line:

er end.

ance at the

First, while
head on the

same end offa UML Association line. This means, for example, that it.is not possible to express (the lack of) navigability from

acomponerft end to acomposite end. Second, UML isimprecise about what an Association line with no arrow
can mean that the Association is not navigable, or alternatively thatits navigability is not shown.

8.9.2

C

This sub cl

Cl@ss2_Instancesthat represent the sets of all possible instances of <Class1> and <Class2>, except f

ore Association Semantics

Mathematical Model of Association State

e M1-level Instances of the M2-level Classes <Class1> and <Class2> belong to sets Classl_|nstal

| instances:(Note these sets are not restricted to current extant instances.)

b set Al Links is the Cartesian product of the sets Classl Instances and Class2_Instances. Thusa
mbérof All_Links, can be any tuple of the form “<c1, c2>" where“c1” and “c2” are membersof C

heads means. It

huse defines the core semantic model for“M1-level Association instances in a rigorous, mappiing independent
fashion, angl enumerates some important charagteristics that follow from the definition.

2 Association labeled as’in Figure 8.6, the mapping to M1-level Link sets and Links can be modeled as

hces and
r the respective

Link, whichisa
assl Instances

Class2_mstances Tespectively:

The Link_Set isasubset of the set All_Links which consists of those Links that currently exist in the given M1-level
Association.

8.9.2.1 A
Given an M
follows:
1. Th
nu
2. Th
me
an
3.
4,

150

If one or other of the AssociationEnds has “isOrdered” set to true, thereis a partial ordering Before over the elements
of Link_Set defined as follows. Assuming that <End1> of the Association isthe one that is flagged as ordered:

a.  For each Instance “i” in Class2_lnstances, we can define a subset End2_Links; of Link .

of those Linksin Link_Set for which the second tuple member is “i.”
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b. Given the End2_Links; sets as defined in item a. above, the Before ordering is defined between any pair
of different Links in an End2_Links; set with 2 or more members. In other words, for any distinct Link;
and Link, in End2_Links;, we can say either Link; Before Link, or Linky Before Link;.

c. The Before ordering is NOT defined between any pair of Links that belong to different End2_Links sets.
d. Where it is defined, the Before ordering is required to be:
i. transitive; i.e, L; Before L; and L; Before Ly implies that L; Before L, and

B

Link

ii. anti-reflexive; i.e, Lj Before L; implies not L; Before L;.
(If <End2> of the Association is ordered, substitute End2 for End1 and vice'versa in the above.)

Rate of an M1-level instance of an Association consists of the Link_Set and (if the Association is prdered) the
ore ordering.

NEll-formed Sate is a Sate in which:

a. The Links set is a subset of Valid_Links, where Valid_Links isthe'subset of All_Links where the
connected Instances currently exist.

b. The End_Links sets as defined in item a above conform-to their respective Association|End upper
and lower bounds; that is,

i. thenumber of Linksin each Endl_Links Set must be greater than or equal to $End2.lower>,
and less than or equal to <End2.upper>, and

ii. the number of Linksin each End2 Links; set must be greater than or equal to Endl.lower>,
and less than or equal to <End1.upper>.

computational semantics of M1-level Associations for a particular mapping should be describgble as

ons from one Well-formed Sate to another. However, some mappings must be defined such ttl:al the Sate of
ion instances is not always a well-formed. For example, in the IDL mapping, deletion of an Ifstance may
d_Links set to contain too few Links.

model of an M1-level Association’s Sate may be further constrained by M2-level Constraints on the
or other elements of theumeta-model. Other systematic restrictions may apply in some mappings; for example,
e Reference Closuré Rule,” on page 153 and 8.11.2, “The Composition Closure Rule,” on page 155.

haracteristics\of M1-level Associations

ons of Links and Link_Sets above mean that M1-level Association instances have the followind characteristics:

y Links

inva

s onlyexist between existing Instances in a Well-formed Sate. When an Instance ceases to exist, &

A Link“<a, b>" isdigtinct from a Link “<b, &". In other words, Links are directed. (Whether or not the “ direction” of

alLi

nk has a meaning depends on the underlying semantics of the reality that the M2-level Association describes.)

Links do not have object identity, but are uniquely identified by the Instances at both ends.

A Link cannot connect a null Class instance to any other instance (including itself).

Since aLink_Set is defined to be a set, it cannot contain more than one copy of a given Link. In other words, M1-level
Associations cannot contain duplicate links.
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» The Before ordering on the Linksin an End_Links set (where defined) can be represented by arranging the Linksin a
strictly linear sequence.

« There can be multiple Sates for a given M2-level Association, each corresponding to adifferent M 1-level Association
instance in separate Package instances. In this scenario:

¢ agiven Link can be a member of multiple Link_Sets, and

« the Before orderings of different States will be independent.

8.9.3 AssociationEnd Changeability

The “isChahgeable” flag for an AssociationEnd determines whether or not the APIs for the Association should allow
clients to change Links in an M1-level Association instance. The precise interpretation of thisflag is magping specific.

8.9.3.1 AsbsociationEnd Navigability

The “isNavjgable” flag for an AssociationEnd determines whether or not clients.should be able to “navigale” the Linksin
an M1-levd Association instance. The flag also determines whether or not the AssociationEnd can be used as a “key.”
This flag's jnterpretation (i.e., its impact on APIs) will depend on the mapping used.

8.9.4 Association Aggregation

The “aggregation” attributes of an Association’s two ends determines the aggregation semantics for the cprresponding
M1-level Alssociation instances; see 8.10, “Aggregation Semantics,” on page 152. The impact of aggregafion semantics
are largely mapping specific. However, “composite” aggrégation does place constraints on the Link_Set off a Well-formed
Sate.

8.9.5 Derived Associations
When an M2-level Association has “isDerived” set to true, the resulting M1-level Association’s Link Set|is calculated

from other nformation in the M1-level model. The M1-level semantics of derived Association instances {s beyond the
scope of the MOF specification.

8.10 Aggregation‘Semantics

As noted prieviously, the-MOF Model provides two ways of relating MOF values; that is, Associations anfl Attributes. In
both cases, |a relation-has a property known as aggregation that determines how strongly related values arg tied together.

The MOF Madel-currently supports three aggregation semantics; that is, “none,” “shared,” and “ composi]e“ in order of
increasing strength

NOTE: In practice, the semantics of aggregation are mostly concerned with the life-cycles of related values. Since different
mappings will use different strategies for managing the life-cycles of values, aggregation semantics are largely mapping
specific.

8.10.1 Aggregation “none”

An Attribute or Association with aggregation of “none” has the weakest form of relation between values. This will
typically correspond to independent life-cycles for both parties and the use of shallow copy semantics in a mapping.
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8.10.2 Aggregation “composite”

An Attribute or Association with aggregation of “composite” has the strongest form of relation between values. A
“composite” relation involving two types is asymmetric, with one “end” labeled as the “composition” type and the other
end labelled the “component” type. An instance of the first type is “composed of” instances of the second type.

An M1-level “composite” relation is defined to have information model semantics that can be loosely described as
containment_semantics:

1 If Jival ue“v1” isacomponent of some other value “v2" in a given composite relation, “v1” may not
BNy other value “v3” in any composite relation. In short, avalue can have at most one container in
relgtion. (This restriction does not apply when “v1” isanull instance.)

=h

6

2. A
ing

Other restrilctions may apply to “composite” relations in some mappings (e.g., 8.11:2,/“ The Composition
on page 15b).

8.10.3 Alggregation “shared”

An Attribute or Association with aggregation of “shared” corresponds to arelation between values that is |
and “shared.

NOTE: Thd

alue may not berelated to itself in the closure of any “composite”’ relations. In short,/a value may
irectly contain itself.

semantics of “shared” aggregation should correspond to the semantics of an Aggregate in UML.

be a component

Ny “composite’

not directly or

Closure Rule,”

etween “none”’

Unfortunately,

the OMG UML specification gives no clear guidance on what these semantics should be. As an interim measiire, the use of

“shared” aggregation in the MOF is discouraged.

8.11 (G

The MOF’S
These arer

8111 T

Recall that
Association
candidate i
contains th¢

losure Rules

support for multiple Package ‘instances’ introduces some potential anomalies into the compu
esolved by three “closure” rules based on the definitions of extents in 8.8, “Extents,” on page

nhe Reference Closure Rule

a Referencevalue is defined as a projection of an M1-level Class instance in an Association.
link sets-aré not global, areference’s value must be a projection in a particular link set. There
nk setfortypical M1-level Class instances, namely the link set belonging to the Package “ins
e Classlinstance. This is shown in Figure 8.7.

tational model.
145.

Given that
s an “obvious’
ance” that
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References for multiple Package instances

hows the Y instances visible to each X instance in two Package instances. Notice that the link set in the

age instance contains a link to a Y instance belonging tothe first Package instance; that is, “
particular problems, since the “x5" object can find thelink to “y2” by looking in the A link g
Package instance.

Lippose that the “<x5,y2>" had been in the A linksset for the first Package instance. Now an in

look in the link sets of both (or in the general case, al) Package instances to find all of the |
y, an X instance might only look in the link set for its owning Package instance, leading to n(
nal semantics for Reference values. (Consider the case where there are References for both A

ch non-intuitive (and arguably anomalous) semantics, the computational semantics for Associ
riction that prevents the problématic links from being created. This restriction is called the R

5s C has a Reference R that exposes an Association End E in an Association A, then it isillegal

alink

be constructed suichjthat an instance of C (or a sub-class of C) at the exposed End belongs t

differeft outermost extent.to the A link set containing the link.”

The Refereipce ClosurgRule is shown graphically by Figure 8.8 for the case of an Association with a Ref
end. The R¢ference Clasure Rule is enforced by runtime checks on M1-level operations that construct link
add and mddify operations). This can be achieved by using the “outermost_containing_package” operatio
respective meta-objects; see 10.2, “The Reflective Interfaces,” on page 248.

<x5,y2>." This
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Figure 8.8

8.11.2 The Composition Closure Rule

The MOF Model provides constructs for declaring that the instances of*one meta-model element are “con

instances o

One of the
that is, wheg
when the ¢
can arise W

e Hov
netvi

»  What are the access control implitations of compositions? For example, should aclient of one server /

imp|

To avoid htving to deal with these difficult questions, the MOF computational model restricts the situatid

compositio

o A \
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x

N
<

N

The Reference Closure Rule

another; see 8.10, “Aggregation Semantics,” on page152.

key properties of composites is that a composite instance and its component instances have thg
N a composite meta-object is deleted, all of its-components are also deleted. Thisis not difficu
bmposite instance and its components all belong to the same Package instance. However, a ran
hen a composition crosses one or more gitermost Package extent boundaries. For instance;

do the server implementations for the respective extents ensure that deletion isreliable in the facq
ork partition, and so on?

icitly delete components held in another server / extent?

s may be formed, This restriction is called the Composition Closure Rule;

“The ¢
must

The Compgsition Closure Rule is shown graphically by Figure 8.9. This shows the rule as it applies to bgd
Attributes gnd‘composite Associations.

bmposite and component instances in a composition along with any links that form the compo
| belong tojthe same outermost Package extent.”

hposed of”

same lifetime;
t to implement
ge of problems

of server crash,

pxtent be able to

ns in which

Sition

th composite
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248.

Since the n
Rule does 1

8.12 R

It is envisaged that some MOF mappings will provide APIs for copying metadata. The purpose of this su

recommend
(A shallow
deep copy |

site Closure Rule is enforced by runtime checks on-M1-level operations that construct links in

\ttributes. The checks can be implemented by using the “immediate _container” and
| containing_package” operations on the felevant meta-objects; see 10.2, “ The Reflective Intert

LIl instance of a Class is defined/to notionally belong to all extents for the Class, the Composi
ot apply to Attributes with.null-values.

ecommended. €opy Semantics

a semantic madel for such copy operations. Suggested semantics are given for “shallow” and “
copy is one'in which conceptual components of an object are copied and other connected obj¢
s one in-which both components and more loosely related objects are copied.)

Illegal
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ons that update

aces,” on page

tion Closure
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The following table details what objects should and should not be copied. The semantics are defined from the perspective
of an object being copied.

Table 8.1 - Copy semantics for different kinds of relationships

Construct Target type Aggregation Shallow Copy Deep Copy
The Attribute value in the copy The Attribute value in the copy
Attribute Instance none will be the same Instance value as | will be the same Instance value as
inthe nriginal inthe nriginal
The Attribute value in the copy The Attributevalue in the copy
will be the same data value as in will be thesame data value as in
Attribute MOF data type | none the original. Embedded Instance the origina .-Embedded Instance
values will be the same as in the values'will"be the|same as in the
original. original®
The Attribute value in the copy The Attribute valye in the copy
Attribute Instance composite will be a shallow copy of the In- will be a deep copy of the In-
stance value as in the original. stance value in the original.
o S A link is created from the copy to
Associatioh Instance none No link is created. the original link tdrget.
_ A link is created from the copy to
—_ A link is created from the copy to : !
Association Instance shared the original link targes’ ?a?;:tp copy of the original link
A link is created)from the copy to | A link is created ffom the copy to
Association Instance composite a shallow copy of the original link | a deep copy of the original link
target. target.

Unless othgrwise stated, copying of a group of Instancesfelated by Association or Attributes should give
mapping batween original Instances and copied Instances, and their respective relationships.

NOTE: The

above suggested semantics do not covercopying of MOF values whose type is a native type. Thog

depend on whether or not the valuesin questiorare copyable.

8.13 (Jomputational Semantics

8.13.1 A

While the
not) state t

Style Guide for Metadata Computational Semantics

OF specification gives the required computational semantics for M1-level metadata, it does 1
at these semantics constitute the only behavior. It is envisaged that vendor and end-user implg
metadata sqrvers may support additional semantics. In addition, the computational semantics of M2-level
Attributes, ferived Associations and Operations are not specified at all in the standardized part of the M(

In theory, thecomptete-computationa-semanticsofametermorcte-server—camimchudeany-behavior-that-tix

chooses. The purpose of the sub clause is to set down some conventions to guide the implementor.
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8.13.2 Access operations should not change metadata

Many operations on Instance and Associations are provided to support access to the public state of a model; e.g. the “get”
operations for Attributes, the “query” operations for Associations. For normal (non-derived) Attributes and Associations,
the standard computational semantics of an access operation are to simply return the corresponding value or collection.
For derived Attributes and Associations, there are no standard semantics at all.

In general, it is bad style for an access operation to have observable side-effects on the primary metadata.
Similanly, it is bad style for an Operation with “isQuery” true to have such side-effects.

The rationge for this rule is that the user would not expect an access operation to have visible side-effects.

NOTE: It may be reasonable (for example) for an Attribute “get” operation to update a private gounter Attriblite that records
the number jof accesses. The legitimacy of this kind of behavior depends on whether or not the state modified ¢an be classified
as“primary[ metadata.

8.13.3 Update operations should only change the nominated metadata
The standarld semantics of metadata update operations define which metadata'is expected to be modified by the operation.

However, there is no explicit requirement that other metadata should not ‘be changed.

It is bad style for an update operation for a non-derived Attribute, Reference, or Association to change any
primary metadata other than that which is identified by thestandard semantics.

The rationge for this rule is that the user would not expect sueh changes to occur.

NOTE: Thisruleis not intended to apply to operations far derived Attributes, References or Associations, or [o Operations
with “isQuery” false.

8.13.4 Derived Elements should behave like non-derived Elements

M2-level Alttributes and Associations Can*be defined as being derived from other information in a meta-model (i.e., by
setting the fjespective “isDerived” flag.to true). The required M 1-level behavior of derived Elementsis identical to that for
equivalent non-derived Elements Behavior that contradicts the semantics in this clause and in the relevant mapping
specification is non-conformant:

However, since derived-Attributes and Associations have to be implemented using mechanisms that are bgyond the scope
of the MOHK Model, conformance is ultimately the responsibility of the meta-model implementor.

It is recominended, that implementor defined M 1-level operations for derived Elements should have M OH conformant
behavior. The'aternative (non-conformant behavior) tends to break the illusion that the Attribute or Assocjation is “real,”
and should ‘e avordedHtheTequiTedSemantits are urmmprenentabte; the metasmode s TcorTect:

8.13.5 Constraint evaluation should not have side-effects

The MOF specification does not define how Constraints defined in a meta-model should be evaluated. In particular, it
does not define whether Constraint evaluation can change the metadata.

It is bad style for the evaluation of a Constraint to change metadata.
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The rationale is two fold. First, Constraints are provided as mechanism for specifying metadata correctness, not as a
mechanism for defining behavior. Second, since the MOF specification does not say when Constraint evaluation should
occur (in all cases), side-effects in Constraint evaluation could be a major source of interoperability problems.

8.13.6 Access operations should avoid raising Constraint exceptions

The MOF specification does not define when deferred Constraint evaluation should occur. In theory, it can occur at any
time, includhre-when-the-tserRvekesar-aceess-operation:

It is bad style for an access operation on a non-derived Attribute, Reference, or Association to raise’a
ifon to indicate that the metadata is structurally inconsistent or that a Constraint has beén violafed.

ot in a position
ively, an

The rationgd e is that an application program that is reading metadata (rather than updating ity is typically
to do anythjng about the violation of deferred structural constraints or model specific Constraint. Alterna
application|may try to access the metadata, knowing that it is inconsistent, so that it can then correct it.

It is bad style for an access operation on a derived Attribute, Reference, or Assoeiation to raise a sinjilar
exceptilon unless the inconsistency makes it impossible to calculate the requited derived value(s). Th¢ same
rule applies to Operations with “isQuery” true.

The rationd e being less prescriptive about derived access operations is that the formulae used to derive the value(s) will
typically hgve certain assumptions about the consistency of the metadata.
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9 MOF to IDL Mapping

9.1 Overview

This Clause defines the standard mapping from a model defined using the MOF Model onto CORBA IDL. The resulting
interfaces are designed to allow a user to create, update, and access instances of the model using CORBA client programs.
Wh'lethe ) II-IIIIIIIL .ﬁ- 28 a ll_ Q-ll-l a all ..: al a) 0 ~Haarzialal2a modd,'tdoes

not define the implementation.

Note that while the mapping specification is defined to be easy to automate, a conformant MOF implemgntation is not
required to|support automatic IDL generation.

9.2 Meta Objects and Interfaces

This sub clpuse describes the different kinds of meta-objects that represent MOF-based meta-data in a CORBA
environmert.

9.2.1 Meta Object Type Overview

The MOF tp IDL mapping and the Reflective module share a common, object-centric model of meta-datajwith five kinds
of M1-level meta-object; that is, “instance” objects, “class proxy objects, “association” objects, “packagg” objects, and
“package factory” objects. The relationships between M2-level.concepts and M1-level objects is illustrated by the

example in|Figure 9.1.

P_Factor Package
| _ y Factory | P_Factory
Package P R Package | «credtes V
) =
C : A iation
A : Association | 1 ‘—‘ 1
' C Class | Class | C Class A
Proxy
Zﬁ b
: C C
M2-level ; Instance
Conceptual ; ;
Meta-model ! M1-level Interfaces ; M1-level Instances

Figure 9.1 - Relationships between M1 and M2 level
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The example shows how a simple M2-level meta-model (on the left) maps onto the five kinds of M1-level meta-object (in
the center). The right of the diagram shows the intrinsic conglomeration relationships that exist between the meta-objects
in a Package “instance.” (As noted, in 8.8, “Extents,” on page 145, these relationships do not always have strict
containment semantics.)

NOTE: Theseintrinsic conglomeration relationships exist for all M1-level meta-objects. They have no explicit meaning in
connection with the represented meta-data. Rather, they are provided to assist the management of meta-objects. (Theintrinsic
Cong|omer ionrelationshi ps should not be confusedwith the M1-level r‘nmpnd tion relationshi ps that r‘nrrpepf)nd to M2-level

composite Associations and Attributes.)

9.2.1.1 Package objects and Package Factory objects

The instandes of an M2-level Package are represented as Package objects. A Package object’is little morg than a
“directory” |of read-only attributes that give access to a collection of meta-objects described by a meta-magdel. The
attributes of a Package object refer to “static” objects. In particular, there is

« one|Package attribute for each M2-level Package that is nested or clusteredby.the Package (none are present in the
example above),

» one|Class Proxy attribute for each M2-level Classin the Package, and
» onelAssociation attribute for each M2-level Association in the'Package.

The numbef and types of the static objects, and the corresponding attributes in an M1-level Package intefface is
determined|by the M2-level Package specification. The objectscannot be directly created, destroyed, addged, or removed
by a client.

While therg is usually a one-to-one correspondence between the Packages' reference attributes and the stafic objects, this
need not bg the case. The correspondence is actually determined by the extent relationships as described {n 8.8.4,

“Package Eixtents,” on page 147. Thus, for example, when an M2-level Package is clustered by more than pne route, there
should be dne M 1-level Package object thatlis accessed via two attributes.

A Package jobject is typically obtained by invoking a “create” operation on Package Factory objects. Thig creates the
Package object, and all of the necessary static objects. The arguments to the “create” operation are used tp initialize any
classifier-sgoped Attributes definedt within the M2-level Package.

9.2.1.2 C|ass Proxy objects

As stated alpove, a Package object contains one (and only one) Class Proxy object for each M2-level Class [n the M2-level
Package. A| Class Rroxy object serves a number of purposes:

- itisjafaetory object for producing Instance objects in the Package “instance,”

» itistheintrinsic container for Instance objects, and
it holdsthe state of any classifier-scoped Attributes for the M2-level Class.

The interface of a Class Proxy object provides operations for accessing and updating the classifier-scoped attribute state.
Other operations allow a client to invoke classifier-scoped Operations.

The interface also provides a factory operation that allows the client to create Instance objects. It also gives read-only
access to the set of extant Instance objects contained by the Class Proxy object.
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stance objects

The instances of an M2-level Class are represented by Instance objects. An Instance object holds the state corresponding
to the instance-scoped M2-level Attributes for the Class, and any other “hidden” state implied by the Class specification.
Generally speaking, many Instance objects can exist within a given Package “instance.”

As described above, Instance objects are always contained by a Class Proxy abject. The Class Proxy provides a factory
operation for creating Instance objects that takes initial values for the instance-scoped Attributes as parameters. When an

Instance oby
container w

The interfa

+  Opel
- Ope
+  Opel
«  Opel
- and
9214 A
Links that
object hold
“static” obj

opel

opel

ang

922 T

This sub clause describes the-patterns of interface inheritance in the CORBA IDL generated by the MOF tg
The patterns are illustratediin Figure 9.2.

ect is created, it is automatically added to the Class Proxy container. An Instance is removed
hen it is destroyed.

ce for an Instance object inherits from the corresponding Class Proxy interface. In addifion it
ations to access and update the instance-scoped Attributes,

ations to invoke the instance-scoped Operations,

ations to access and update Associations via Reference,

ations that support object identity for the Instance, and

peration for deleting the Instance object.
5sociation objects
orrespond to M2-level Associations are not represented as meta-objects. Instead, an M1-level

ct that is contained by a Package object, as described previously. Its interfaces provide:
ations for querying the link set,
ations for adding, modifying, and rémoving links from the set, and

peration that returns the entirelink set.

he Meta Object Interface Hierarchy
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Association
5 a collection of links (i.e., the link set) corresponding to an M2-level Association. The Associgtion object is a

IDL mapping.
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RefBaseObject
/ : V\
P1 K— P2 RefPackage RefAssociation RefObject
PackageP1 - --o-- ’A ----------- ’A ——————————— ‘A ——————
cl P1 A CilClass

cl ref : ClClass

A c2 ref : C2Class
aref:A / Zﬁ
: C2Class C1

: S

Meta-nodel Definition

Inheritan¢e'in’Generated I nterfaces

Figure 9.2 { Generated IDL Inheritance Patterns

Figure 9.2 shows an example MOF meta-model expressed in UML (on the left) that consists of two Packages P1 and P2.
The first Pgckage P1 contains Classes C1 and C2,where C2 is a subclass of C1 and an Association A that connects C1
and C2. The second Package P2 is then defined as'a subpackage of P1.

The UML ¢lass diagram (on the right) shows.the inheritance graph for the generated interfaces corresponding to the
example megta-model .

The root offthe inheritance graph is a-group of four predefined interfaces that make up the Reflective moplule; see 10.2,
“The Reflegtive Interfaces,” on-page 248. These interfaces collectively provide:

» opefations that implement meta-object identity,
- opefations for finding a meta-object’s containing package instance(s),

« an dperation for finding a meta-object’s M2-level description, and

» opefations for exercising the functionality of a meta-object independent of its generated interface.

NOTE: Theinterfacesin the Reflective module are all designed to be “abstract;” that is, it is not anticipated that they should
be the “most derived” type of any meta-object.

The interfaces for the Package objects, Association objects, Class Proxy objects, and Instance objects provide
functionality as described previously. The inheritance patterns are as follows:

» All Package object interfaces inherit (directly or indirectly) from RefPackage.

« All Association object interfaces inherit from Ref Association.
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» All Class Proxy interfaces inherit (directly or indirectly) from RefObject.
« All Instance interfaces inherit from the corresponding Class Proxy interfaces.
»  When an M2-level Package P2 inherits from another P1, the corresponding interface P2 inherits from

»  When an M2-level Class C2 inherits from another C1:
« the Class Proxy interface for C2 inherits from the Class Proxy for C1, and

P1.

« [the Instance interface for C2 inherits from the Instance for C1.

The diamond pattern of interface inheritance is virtually unavoidable. The C2's Class Proxy needstQ‘inhefit the interface

features for] C1's classifier-scoped Attributes and Operations. Similarly, C2's Instance interface-needs to i
instance-scpped interface features.

nherit the

NOTE: The IDL mapping supports some Tags for specifying addition IDL supertypes of various generated interfaces; see

“Tags for Specifying IDL Inheritance” on page 196. The effect of these Tags on the inheritance graph is defin
relevant IDIL templates; see “ Package Template” on page 206, “ Class Template” on.page 209, “Class Proxy T
page 210, ahd “ Association Template” on page 214.

9.3 (omputational Semantics for the IDL Mapping

This sub cl
the MOF t

se specializes the MOF's general computational semantics (see Clause 8, “The MOF Abstract
IDL mapping.

9.3.1 Tphe CorbaldITypes Package

bd by the
bmplate” on

Mapping”) for

The IDL mppping defines PrimitiveType instances.that can be used to represent CORBA specific data types in a MOF

meta-mode]. The IDL mapping maps each of these PrimitiveType instances into CORBA IDL data types,
technology [mappings typically will not map, them.

Please note the following:

types in the Corbal dl Types package are provided solely to ease migration of “legacy” meta-mod
data defined in the context-of MOF 1.3 and earlier. Use of these types in new meta-models is discour
mgke them CORBA (specific.

lementationgs of the IDL mapping shall recognize the CORBA specific PrimitiveType instances I
quglified names: Multiple PrimitiveType instances with the required qualified name shall be deemed
e thing;

but other

el s and meta-
aged as it will

ased on their
to mean the

The CorbaldiTypes package is a MOF package whose name is “Corbaldl Types.” It contains the Primitive

Type instances

defined below, and no other Tnstances. The information below defines the value domain (set) Tor each type,
for encoding values for use in the Model::Constant “value” attribute.

CorbaOctet
This primitive data type represents the CORBA IDL ‘octet’ type.

and the syntax

value domain The subset of integers in the range 0 to 255.

constant value syntax CORBA DL integer literal syntax.
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CorbaShort

This primitive data type represents the CORBA IDL ‘short’ type.
value domain The subset of the integers in the range -21° to +21° - 1
constant value syntax CORBA IDL integer literal syntax with an optional leading ‘-’ character.

CorbaUngignedshort

This primit|ve data type represents the CORBA IDL ‘unsigned short’ type.
value domjain The subset of the integers in the range 0 to 216 - 1
constant viglue syntax CORBA |IDL integer literal syntax.

CorbaUnsgignedLong

This primit|ve data type represents the CORBA IDL ‘unsigned long' type.
value donain The subset of the integers in the range 0 to 232 {1
constant viglue syntax CORBA IDL integer literal syntax.

CorbaUngignedLonglLong

This primit|ve data type represents the CORBA IDL ‘unsigned long long’ type.
value dorrfain The subset of the integers'in the range 0 to 254 - 1
constant viglue syntax CORBA IDL integer literal syntax.

CorbalLongDouble

This primit
754-1985).

ve data type is the set ‘of 'EEE extended double precision floating point numbers (see ANSI/I
This is the minimum requirement for the CORBA IDL ‘long double’ type.

FEE Standard

value domn

ain The subset of the rational numbers that correspond to the values representable as I H
double precision floating point numbers (96 bit).

EE extended

constant v

Al ue syntax CORBA IDL floating point literal syntax with an optional leading ‘-’ character.

CorbaStri

ava
T

J

This primitive data type represents the CORBA IDL ‘string’ type.

value domain The infinite set of al finite sequences of 8 bit characters (excluding the zero character value).
constant value syntax A sequence of 8-hit characters. (Note: a Constant’s ‘value’ string for a CorbaString has no
surrounding quotes and contains no character escape sequences.)
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CorbaChar
This primitive data type represents the CORBA IDL ‘char’ type.

value domain The set of 8 bit characters.

CorbaChar has no surrounding quotes and contains no character escape sequences.)

constant value syntax One 8-hit character. NUL is represented as an empty String. (Note: a Constant’s ‘value' string for a

CorbaWChar
This primit|ve data type represents the CORBA IDL ‘wchar’ type.

value donfain The set of 16 bit characters.

constant viglue syntax One 16-hit character. NUL is represented as an empty String. (Note: a Constant’s ‘v
CorbaWChar has no surrounding quotes and contains no character escape sequences

lue’ string for a

)

IDL for thg CorbaldlTypes module

The IDL far the Corbal dITypes package is given below. The IDL is produced by applying the IDL Mapp
package. It|would typically be “#included” by the IDL for meta-models that import the Corbal dI Types p3

#pragma prefix "org.omg.mof"

module CofbaldITypes {
typedef sequence < octet > OctetBag;
typedef sequence < octet > OctetSet;
typedef sequence < octet > OctetList;
typedef sequence < octet > OctetUList;
typedef sequence < short > ShortBag;
typedef sequence < short >‘ShortSet;
typedef sequence < shart> ShortList;
typedef sequences short > ShortUList;
typedef sequence’< unsigned short > UShortBag;

typedef s€guence < unsigned short > UShortSet;

ng to the
ickage.

typedef sequence < unsigned short > UShoriList;
typedef sequence < unsigned short > UShortUList;
typedef sequence < unsigned long > ULongBag;
typedef sequence < unsigned long > ULongSet;
typedef sequence < unsigned long > ULongList;
typedef sequence < unsigned long > ULongUList;

typedef sequence < unsigned long long > ULongLongBag;

© ISO/IEC 2005 - All rights reserved
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168

typedef sequence < unsigned long long > ULongLongSet;

typedef sequence < unsigned long long > ULongLongList;

typedef sequence < unsigned long long > ULongLongUList;

typedef sequence < long double > ULongDoubleBag;

typedef sequence < long double > ULongDoubleSet;

typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
typede
/I This

/lthat i
interfa
/I This

Il the g

interfa

sequence < long double > ULongDoubleList;

sequence < long double > ULongDoubleUList;

sequence < string > StringBag;

sequence < string > StringSet;

sequence < string > StringList;

sequence < string > StringUList;

sequence < char > CharBag;

sequence < char > CharSet;

sequence < char > CharlList;

sequence < char > CharUList;

sequence <wchar > WCharBag;

sequence <wchar > WCharSet;

sequence <wchar > WCharList;

sequence <wchar > WCharUList;

nterface would be inheritted\by any the Package interface for any Package
hheritted the CorbaldlTypes package

e CorbaldlTypesPackage : Reflective::RefPackage { };

nterface is here.for completeness only. There is no point in instantiating
orbaldl TypesPackage interface.

e CorbaldlTypesPackageFactory {

Co

rbald|l TypesPackage create corba_idl_types_package()

raises (Reflective::MofError);
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The following MOF PrimitiveType instances are mapped to CORBA IDL typesin the IDL mapping. Other PrimitiveType

instances have no defined mapping.

PrimitiveType instance

Corresponding IDL type

PrimitiveTypes::Boolean boolean
PrimitiveTypes::Integer long
PrimitiveTypes::Long long long
PrimitiveTypes::Float float
PrimitiveTypes::Double double
PrimitiveTypes::String wstring
CorbaldI Types::CorbaOctet octet
CorbaldI Types::CorbaShort short

Corbal dI Types::CorbaUnsignedShort

unsigned short

Corbal dITypes::CorbaUnsignedL ong

unsigned leng

Corbal dITypes::CorbaUnsignedL onglL ong

unsigned.long long

CorbaldITypes::Corbal ongDouble longrdouble
CorbaldITypes::CorbaString string
CorbaldI Types::CorbaChar char

CorbaldI Types::Corbaw Char wchar

NOTE: The MOF to IDL mapping doesnot define a standard mapping to the following CORBA IDL primitiye data types:

Principal, TypeCode, Any.

The MOF gonstructed data types/are mapped to CORBA IDL types, as follows.

DataTyp¢g subtype

Corresponding IDL type

StructureTlype(name;-fiel ds)

struct name { fields};.

CollectionType(name, type, ...)

typedef sequence < type > name;

EnumerationType(name, 1apels)

enum name { 1abels T,

AliasType(name, type)

typedef type name;

NOTE: The MOF to IDL mapping does not define a standard mapping to the following CORBA IDL constructed types:
arrays, bounded sequences, bounded strings, bounded wide strings, fixed types, union types, value types, boxed value types,

interface types or abstract interface types.

© ISO/IEC 2005 - All rights reserved

169


https://iecnorm.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

9.3.3

Value Types and Equality in the IDL Mapping

The IDL mapping defines all MOF Instance types as CORBA object types that are descended from the “RefObject”
interface; see 10.2.4, “ Reflective::RefAssociation (abstract),” on page 265. Equality of Instance objects should be
implemented as follows:

(abstract),” on page 254 returns the same string for both objects.

Existing Instance objects are equal if and only if the “refMofld” operation defined by 10.2.3, “ Reflective::RefObject

Non
the*

NOTE: An
deleted) Ins
for anon-ex
links or Insf

934 L

This sub cl
definitions

9341 P

An M1-levq
the corresp
classifier-sg
collectively

Instances o
object:

« An
« An
An

An
The object

-existent Instance objects are deemed to be equal if and only if they have the same object refereng
Object::_is equivalent” operation returnstrue.

mplementation must take care when comparing Instance object values to distinguish'between nor
fance objects and objects that may only be temporarily inaccessible. An operation(should only rais
istent Instance object when it cannot be performed. In particular, an operation-that replaces or ren
ance values should not complain that the | nstance being removed is defunet,

fecycle Semantics for the IDL Mapping

huse defines the IDL mapping’s computational model for meta-object creation and deletion. It
pf copy semantics, though these should currently be viewed as indicative rather than normativ

hckage object creation and deletion semantics

| Package object for a non-nested M2-level Package is created by invoking the create operati
pnding PackageFactory object. This create operation requires the caller to supply the values for
oped Attributes. If the supplied initial .valties do not have the correct multiplicity or if they in
violate immediate Constraints definediin the metamodel, the create operation should raise an

the following dependent M 1-level “objects are automatically created along with each M1-levg

M1-level Package object is created for each nested Package within the outermost Package extent.
M 1-level Package object is created for each clustered Package within the outermost Package exter
M 1-level Class Proxy object is created for each Class within the outermost Package extent.

M 1-level Association object is created for each Association within the outermost Package extent.

references for the dependent Package and Class objects provide the “ref” attributes in the resp

objects. Th

ohjects are initialized so that the outermost_package and enclosing_package operations return

e; that is, when

-existent (i.e.,
e an exception
oves defunct

also gives
e

bn provided by
Al non-derived
Hividualy or
exception.

| Package

—

ective Package
the appropriate

M1-level Package objecTs.

NOTE: If an M2-level Package P2 clusters an existing top-level M2 Package P1, the above rules mean that two kinds of M1-
level P1 Package objects can exist. If the user calls create on a P2 Package Factory object, the resulting P2 Package object will
have its own dependent P1 Package object. On the other hand, if the user calls create on a P1 Package Factory, the resulting P1
Package object will be an outermost Package object. These two kinds of P1 Package objects behave identically, apart from
their respective “ refOutermostPackage” and “ ref OutermostPackage” operations; see 10.2.3, “Reflective::RefObject
(abstract),” on page 254.
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When an M1-level Class Proxy object is created, the values of the non-derived classifier-level Attributes are initialized
from the corresponding create operation arguments. The “all_of _type” and “all_of kind” collections will initialy be
empty, since no M1-level Instance objects will have been created in the Class Proxy extent.

NOTE: Animplementation may support other mechanisms for creating or recreating outermost M 1-level Package objects.
Any such mechanism must also (re-)create and initialize the necessary dependent objects as above.

An outermost-M-1-level Dnr‘l{agn nhjnr‘f canbe r*lacrrn\j/ﬂd usi ng the “refDoleta” npnrnfinn; see 102 '2'
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An Instance object is created-within the extent of a Class Proxy object for the Instance’s M2-level Class. T

can be four

1 Fi

d
2. W:Lhi n that extent, find the one and only Class Proxy object for the M2 Class whose instance is being created.

:RefObject (abstract),” on page 254. The required computational semantics for deleting an-out
traightforward. The following things must occur (in an unspecified order):

binding between the outermost Package object and its object reference(s) must be revoked.

bindings between all dependent Package, Association, and Class Proxy objects and’their object ref
ked.

nstance objects within the extent of the outermost Package object must he destroyed as described

pical implementation will delete the metadata and reclaim the space Uised to store it. However, this
H in some situations it could be undesirable.

brmost Package

erences must be

below.

5 behavior is not

M 1-level Package objects, M 1-level Association objects'and M1-level Class Proxy objects cannot be directly

y the user. An implementation of the “refDelete” operation for these objects is required to rai
by client code. (The operations may be used to implement outermost Package deletion, but thi
s specification.)

stance object lifecycle semantics

bl | nstance object can be created hynvoking the appropriate create operation. Suitable create
poth M 1-level Class Proxy objects and M 1-level Instance objects, depending on the M2-level C

ke an exception
s is beyond the

pperations are
ass inheritance

eate operation requires the caller to supply values for all non-derived instance-scoped Attributes for the

ect. If any value does not conform to the Attribute’s multiplicity or if they individually or coll
ate Constraints on the meta-model, an exception is raised.

d as follows:

the outermost Package extent containing the object on which the create operation was invoked.

If no Class

octively violate

he Class Proxy

ProxXy can be found by the above, the create request violates the Supertype Closure Rule (see

9.3.11, “The

Supertype Closure Rule,” on page 182) and an exception is raised.

Creation of an Instance object will aso fail if the corresponding M2-level Class is abstract. Similarly, it will fail if the
M2-level Classis a“singleton” Class and an Instance object for that Class already exists within the Class Proxy’s extent.
In either case, an exception is raised.

When an Instance object is (successfully) created within the extent of a Class Proxy object, it becomes part of a collection
returned by the Class Proxy object’s “all_of_kind” operation. The Instance object remains a member of that collection for

its lifetime

(i.e., until it is deleted).

An Instance object will be deleted in the following three situations:
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1. When aclient invokesthe “refDelete” operation on the Instance object; see 10.2.3, “ Reflective:: RefObject
(abstract),” on page 254.

2. When the Package aobject for the Instance object’s outermost Package extent is deleted (see above), and

3. When the Instance is a component of a“composite” Instance that is deleted. This applies to composites formed by
both Associations and Attributes.

When an Instance ohject is deleted the following things must occur:

« Thelbinding between the Instance object and its object reference(s) must be revoked.
» Thellnstance object must be removed from its Class Proxy object’'s “all_of type” collection:
« Any| Instance objects that are components of the object being deleted must also be delefed.

- Linksinvolving the deleted I nstance object should be deleted as per the “Link lifeeycle semantics’ specification
bel gw.

An implemgntation will typically delete the state of an Instance object that has'been deleted, and reclaim|any associated
space.

NOTE: When an Instance object is deleted, corresponding object reference’valuesin non-composite Attributeof other objects
become “dgngling” references. These dangling references should notbe.automatically expunged or converted|to nil object
references, since doing so potentially destroys information and creates new structural errors. Instead, it isthe fiser’'s
responsibility to ensure that dangling references in Attributes afetidied up in the most appropriate way.

9.3.4.3 Link lifecycle semantics

Links can he created and deleted in various ways.\These include:

» by the user operations on M 1-level Assoeiation objects; see 9.3.5, “Association Access and Update Semantics for the
IDL|Mapping,” on page 173,

» by the user operations corresponding to References on M1-level Instance objects; see 9.3.7, “Attributg Access and
Updgate Semantics for the LDk Mapping,” on page 176,

by the user copying metadata (using some vendor specific API); see 8.12, “Recommended Copy Semantics,” on page
156

» by the userdeleting one or other linked Instance objects; see 9.3.4.2, “Instance object lifecycle semantics,” on page
171 and

! . 1 ol i L ! -
hd th I'NE ST VET TIUULES Uidl aTITIKEU TTISAN TLE UUJELL T1U TUTNYET EATSLS.

A link is created within the extent of an Association object, and becomes part of the collection returned by the
Association object’s “links()” operation. A link remains within the extent in which it was created for the lifetime of the
link (i.e., until it is deleted). When alink is deleted, it is removed from the “links” collection. Removing a link does not
affect the lifecycle of the linked Instance objects.

According to 8.9.2.2, “Characteristics of M1-level Associations,” on page 151, deletion of an Instance object causes any
links for that object to become meaningless. |deally, a well-formed M 1-level Association instance should not contain such
links. In practice, the immediate removal of meaningless links from an M1-level Association instance cannot always be
implemented, in particular in the case of links that cross outermost Package extent boundaries.
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Instead, a meta-object server is required to behave as follows. When an Instance object is deleted:

« all links referring to the Instance object that belong to Association instances within the same outermost Package extent
as the Instance object must also be deleted, and

« any linksreferring to the Instance object that belong to Association instances in another outermost Package extent as

the Instance object may also be deleted.
NOTE Th ObUVCxlIIGI It;beIIUG.I Iathal.‘. anr’-\\m;atiun ;I |$m LT LAt :CU(J“y CUI ItCl.;II :II |'r\atha|.‘ |6fu tU defuu IC‘I.
in other extents.
9.3.5 Alssociation Access and Update Semantics for the IDL Mapping

This sub cl
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formed Satle (as defined in 8.9.2.1, “A Mathematical Model of Association State,” «On-page 150) to anoth

exceptions

- Dd
that

- Dd
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value as a pparameter to any operation on an M1-level Association.

NOTE: Wh

should not e read asimplying any particular implementation approach.

9.351 A

There are t
* The
* The
» The

These oper

IDL Mapping and the Reflective interfaces. With a couple of exceptions, these semantics tran|

are as follows:

btion of an Instance object in another outermost Package extent may-Catise an Association instance
are not members of Valid_Links.

btion of an Instance object can cause an End_Links set to contain fewer links than is required.

stance objects are passed as CORBA object reference values in IDL mapped operations. How|
State model requires that Links connect Instances, it is not legal to pass the CORBA nil obje

le the semantics of Associations are described (below) in terms of sets of pairs of M1-level Instar

ccess Operations

hree kinds of link access operations in the M1-level Association interface generated by the ID
“al_links" operationteturns the current Link_Set for an Association object.
“<end_name>"woperations return a projection of the corresponding End_Links sets.

“exists’ operation tests for the existence of agiven Link in the Link_Set.

bti ons-are defined to be side-effect free; that is, they do not modify the Sate of the Associatio

nstance objects

huse describes the computational semantics of the Association object access andyupdate operatjons defined in

sform one Well-
er. The

to contain links

ever, since the
ct reference

ce objects, this

| mapping:

N instance.

936 L

The operations for adding links to an M1-level Association vary, depending on whether it has an ordered M2-level
AssociationEnd:

« For

an unordered Association, the “add” operation adds a Link to the Link_Set.

» For an ordered Association, the “add” and “add_before” operations both add a Link between a pair of Instancesto the
Link_Set. Inthe“add” case, the new Link isadded after existing Links. Inthe“add_before” case, the new Link is
added immediately before the link selected by the “ before” argument.
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A number

9.3.6.1 Link Modification Operations

There are t
operation (i
end. While
level Assod

More precisely, assuming that the first AssociationEnd is the ordered one and the new Link connects Instances i

and j. The Before mapping is updated as follows:

« For “add,” all Links that were in End2_Links; prior to the operation are Before the new Lin
completes.

k when it

« For “add_before,” the Before_Link connects the “ before” and j Instances. For all Links that were in

End2_Links; and were Before the Before_Link prior to the operation, the pre-existing Link

is Before the

new Link after the operation. For all other Links that were in End2_Links; prior to the operation, the new

An
An

An
than

An
Clog

Inth
opel

Inth
orde
upd

I‘Nconstrai nts apply to the link addition operations:

LNk 1S Belore the pre-existiing LINK aiter the operaiion.
« In both cases, the ordering of the other End2_Links sets are unchanged.

Link can only be added between extant Instances; that is, the new Link must be-amember of V3
pperation cannot add a Link that is already a member of the Link_Set.

bperation cannot add aLink if it would make the number of members of either End1_Links; or End

the respective AssociationEnd’s “ upper” bound.

bperation cannot add a Link that creates a Composition cycle, or that violates the Composition or F
ure rules.

n effect) modifies the Instance at the first end\of a Link, and the second modifies the Instance
the operation signatures do not vary, the semantics of the “modify” operations depend on whe
iation has an ordered AssociationEnd.

e non-ordered case, a“modify” opération isamost identical to a“remove” operation followed by
ation. The only difference is in the'bounds checking; see below.

e ordered case, a“modify” eperation can differ from an “add” followed by a“remove” in the way
ring ishandled. Specifically, if we assume that the first AssociationEnd is the ordered one, the Be
bted as follows:

For “modify_<endd’name>(i, j, k)", the new Link (between k and j) occupies the same position in
prdering of ENd2_Links; as the Link (betweeni and j) that it replaces.

For “modify’ <end2 _name>(i, j, k)", the new Link (between i and k) becomesthelast Link in the B
Fnd2-Links,.

lid Links.

P_Links greater

Reference

vo “modify” operations for replacing an existingLink in the Link_Set of an M1-level Association. One

at the second
ther the M 2-

an “ addn

that the Before
fore mapping is

the Before

fore ordering of

n'beth cases, the ordering of the other End2_Links sets are unchanged.

A number of constraints apply to the link modification operations:

174

The Link that is replaced by the “modify” operation must be a member of Link_Set. However, it need not be a member
of Valid_Links.

The
The

replacement Link that is created by a“modify” operation must be amember of Valid Links.

replacement Link cannot already be a member of the Link_Set.

A “modify” operation cannot produce a Link that would make the number of membersin either the End1_Links, or
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A “modify” operation cannot remove a Link if doing so would make the number of members of End1_Links; or

End2_Links; less than the respective AssociationEnd’s “lower” bound. (However, a Link can be produced in this
situation.)

Reference Closure rules.

A “modify” operation cannot produce a Link that creates a Composition cycle, or that violates the Composition or

NOTE: A nl\odify operation of theform “modify_<endl name>(i, j,i)” istreated asa“no-op.” In particul@r it

checking of
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The “remo
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If an
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If arn
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Setting “isll
mapping sh
between de
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hber of Link_Set but not of Valid_Links.
hangeability, Navigability, and Derivedness

iﬁln descriptions given above assume that thexAssociationEnds of the M2-level Association hay

i

cifically, it suppresses the “<assoc_end>", “add_before <end>", “modify_<end>" operations.

Derived” to be true for an M2-level Association isa“hint” that an M1-level Association’s Link |
ould be:computed from other M1-level information. Apart from this, the IDL mapping makes
Fived-and non-derived Associations. Equivalent IDL interfaces are generated in each case, and
tobe equivalent, If aderived Association's operations are coded by hand, it is the programmer’

“lower” or “upper” bounds.

nk Removal Operations

€’ operation can be used to delete an exist Link (between i and j) from the Link_Set of an M1

. The constraints that apply to the link removal operation are:

does not trigger

-level

operation cannot remove a Link if doing so would make the number,ef-members of Endl_Links; ¢r End2_Links

than the respective AssociationEnd’s “lower” bound.

operation cannot remove a Link that is not amember of the Kink_Set. However, it should succeed

if theLinkisa

e been defined

geable” and “isNavigable” set to true. If this is not so, the main impact is that certain operatjons are

AssociationEnd of an Association isdefined as non-changeable (i.e., when its “isChangeable” fla
DL mapping suppresses variouslink update operations. The “add,” “add_before,” and “remove”
ressed if either AssociationEnd'is non-changeable. Furthermore, the “modify_<end name>" opel
ressed for any AssociationEnd that is non-changeable, along with any related Reference-based of

AssociationEnd of @nyAssociation is defined as non-navigable (i.e., when its“isNavigable” flagis
mapping suppresses any link operations that depend on the ability to search based on that Associ

) is set to false),
bperations are
ationis
erations.

set to false) the
btionEnd.

| Set and Before
no distinction
the semantics

responsibility

to ensure that they implement the required semantics.

Some combinations of the Association and AssociationEnd flags result in generated interfaces that are of little use. For

example:

supports one “modify” operation but no “add” or “remove” operations.

with

no operations to update the Link_Set.

© ISO/IEC 2005 - All rights reserved

Setting “isChangeable” to be false on one AssociationEnd and not the other resultsin an M 1-level Association that

Setting “isChangeable” to be false on an Association that has “isDerived” set to false resultsin a*“ stored” Association
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9.3.7 Attribute Access and Update Semantics for the IDL Mapping

The IDL mapping maps M2-level Attributes to a variety of operations, depending on the Attribute’s “multiplicity”

settings. There are three major cases:
1. single-valued with bounds of [1..1]),
2. optional with bounds of [0..1], and

3. mylti-valued.

Unlike Asspciations, the CORBA “nil” object reference is alegal (and logically distinct) value far)any Class or object
reference-valued Attribute. When an accessor operation returns a “nil” object reference, this does not necgssarily mean
that the Attfibute has no value(s). In addition, the lifecycle semantics for Attributes in the I1DL-mapping nean that an

accessor operation can return a reference for a non-existent object.

NOTE: Whjle the semantics of Attributes are described (below) in terms of notional relations between M1-leyel values, this
should not e read as implying any particular implementation approach.

9.3.7.1 Sjngle-valued Attributes

The interfages and semantics for single-valued Attributes are the simplest to describe. A single-valued Attfibute (i.e., one
whose “lower” and “upper” bounds are set to one) is mapped to . these IDL operations;

o “<altr_name>"
o ‘“set| <attr_name>".

The “<attr_[name>" operation returns the current valte of the named Attribute for an M1-level Instance opject. In the

single-valugd case, this is a single Instance of the Attribute’s M1-level base type as mapped by the IDL mapping. In the
terminolog{d of 8.6.1, “Attribute name and type;” on page 142, the operation returns the M1-level value that is related to
the Instancg¢ object by the notional “<attr_name>" Class — AttrType relation.

The “set_<gttr_name>" operation replaces the current value of the named Attribute for an M1-level Instance with a new
value. As bgfore, the new value isa'single Instance of the Attribute’'s M1-level base type as mapped by the|IDL mapping.
The operatipn replaces the existing Class — AttrType relationship with a new one between the Instance gbject and the

new value.

The behavipr of “set_<attt name>" for a Class-valued Attribute (i.e., one with “composite” aggregation gemantics) is
constrained| as follows:

« The|new value supplied must be either a reference to an existing Instance object or a nil object refererice.

« Thenew vaue (i.e., the component Tnstance) must not already be a component of another Tnstance object.

» The composite and component Instance objects must belong to the same outermost M 1-level Package extent (i.e., the
Composition Closure rule must not be violated).

» Creating the new Class — AttrType relationship must not create a composition cycle.
9.3.7.2 Optional Attributes

The interfaces and semantics for optional Attributes are also relatively straight-forward. An optional Attribute (i.e., one
whose “lower” bound is 0 and whose “upper” bound is 1) maps to three operations:
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“<attr_name>"
“set_<attr_name>"

“unset_<attr_name>"

The IDL mapping treats an M1-level optional Attribute as having two states. In the “set” state, the Attribute has a value
that is an instance of the Attribute’s M1-level base type. In the “unset” state, the Attribute has no value.

In the singlp-valued case, “<attr_name>" simply returns the current M1-level value for the Attribute. Inth
the semantifcs depend on whether the Attribute is currently “set” or “unset.”

If th
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If th
the

The “set_<
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The “unset |

“unset” state.
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by the “nan
“Literal Str

The “<attr |
above. The
— AttrTyp

e Attributeis “set” (i.e, thereis a Class — AttrType relationship between the I nstanceabject and
€), the “ <attr_name>" operation returns the related value.

e Attribute is “unset” (i.e., thereis no Class — AttrType relationship with the Instance object in th
<attr_name>" operation raises an exception.

bitr_name>" operation behaves exactly as in the single-valued case; jit-replaces the existing Cla
(if any) with a relationship with the new value. As a consequencé-the Attribute enters the “g
bnstraints for “set_<attr_name>" in the single-valued case apply here as well.

| <attr_name>" operation removes the Class — AttrType rélationship, if it exists, leaving the A

ulti-valued Attributes

Ces and semantics for multi-valued AttributeS.are relatively complicated, and depend to a cons

ngs of the “isOrdered” and “isUnique” fields of the M2-level Attribute’s “multiplicity” proper

perations on multi-valued Attributes-can be divided into two groups. The “<attr_name>" and
name>" operations access and update the Attribute’s state as a single value, transferring it as 3
pe. The other operations treat the Attribute’s state as a collection of values, and update it by 3
or removing individua elements of the collection.

name>" and “set_<attr\name>" operations transfer an Attribute’s M1-level state using a “coll
med |DL sequencetype whose base type is the Attribute’s M 1-level base type, and whose nam
ne” of the Attribute’s “type” and the settings of the “isOrdered” and “isUnique” flags. For detg
ng Values,”-onpage 200.

name>"operation returns the multi-valued Attribute’s value as a sequence using the IDL type
contents of the result comprise the collection of base type instances related to the Instance obj

b optional case,

some other

e “class’ role),

Iss — AttrType
Ft” state. The

ttribute in the

derable extent
y.

CORBA
dding,

bction” type.
e is determined
ils, see 9.7.1.5,

described
ect by the Class
he order of the

b (elation. If “isOrdered” is true, the order of the Class — AttrType relationships determines t

elementsiir

the sequencetthecottectiom s ampty, theTeturmed vatue s a zero fengtiT sequertce:

The “set_<attr_name>" operation replaces the multi-valued Attribute's value with a new collection of base type instances.
If the Attribute is ordered, the order of the elements in the parameter value determines the order of the new Class —
AttrType relationships.

A number of restrictions apply to the “set_<attr name>" operation for multi-valued Attributes. These are as follows:

equal.

© ISO/IEC 2005 - All rights reserved

If the Attribute’'s “multiplicity” hasthe“isUnique” flag set to true, no two base type instancesin the collection may be

If the Attribute’s “multiplicity” has a“lower” value greater than zero, there must be at least that many elementsin the
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collection.

« If the Attribute’s “multiplicity” has an “upper” value other than the “UNBOUNDED” value (i.e., -1), there can be at
most that many elementsin the collection.

If the Attribute has composite semantics (i.e., the Attribute’'s “type” is expressed using a Class) the following restrictions
also apply:

« Each element (i.e.. Instance object) in the new value collection must be either areference to an existing Instance object
or ajnil object reference.

» No ¢lement of the new value collection can already be a component of another Instance object:

» The|composite and every component | nstance object must belong to the same outermost M 1:lével Package extent (i.e.,
the Composition Closure rule must not be violated).

 Cregting the new Class — AttrType relationships must not create any composition gycles.

The IDL mppping can define up to 7 additional operations for a multi-valued Attribute. There are up to 3 operations for
adding new| element values to an Attribute collection, up to 2 for modifying them and up to 2 for removing them. The

subset that |s available for a given Attribute depends on the “isUnique” and “isOrdered” flags in the M2-I¢vel Attribute's
“multiplicity.” This is shown in the table below.

isOrdered isUnique Operations available

false false add_<attr_name>, modify <attr_name>, remove_<attr_name>
false true add_<attr_name>(modify_<attr_name>, remove_<attr_name>
true false add <attr name>, add <attr_name>_before, add_<attr name>_at

modify_<attr’ name>, modify_<attr name>_at, remove_<attr_nanje>,
remove_sattr_name>_at

true true add <attr name>, add_<attr_name>_before, modify_<attr_name>
remove_<attr_name>

When “isOfdered” is set to false, the operations provided are the basic ones for adding, modifying, or removing element
values. Given that the collection4s unordered, there is no need to specify the position at which a new element value is
added, or (ijn the false, false case) which of a number of equal element values should be modified or rempved. The
semantics gf the operations for an unordered Attribute are as follows;

» Thel“add_<attr” name>" operation creates a new Class — AttrType relationship between the Instance pbject and the
M1l evel\base type instance being added to the Attribute collection.

e The“n |uu'ify_ at‘u_. Yame>"- oper atron IC‘J: acesthe-Ctass—Attt Typc retatot Dhip betwreen-thetnstanc Obj ect and the

M1-level base type instance being modified with another for the new element value.

+ The“remove_<attr_name>" operation removesthe Class— AttrType relationship between the Instance object and the
M1-level base type instance being removed from the Attribute collection. Removing the instance decreases the
Attribute collection’s length rather than leaving a“hole.”

These three operations must also respect the restrictions listed above for the multi-valued “set_<attr name>" operation.

When “isOrdered” is set to true, the “add_<attr_name>,” “modify_<attr name>,” and “remove_<attr_name>" operations
take on additional semantics:
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ibute collection.

The “add_<attr_name>" operation must ensure that the newly added element appears as the last element in the

The “modify_<attr_name>" operation must ensure that the replacement M 1-level base type instance appearsin the

same position in the Attribute collection as the value that it replaces. When “isUnique” is set to false, the collection
may contain duplicates. In this case, the operation should replace the first example of the instance in the ordered

Attr

In addition
The

ibute collection.

ed Attribute collection.

e order

the client is provided with extra operations for order sensitive element update:

“add_<attr_name>_before” operationissimilar to the“add <attr_name>" operation,‘except that t

e of the instance

he new instance

is aglded to the Attribute collection before an existing element designated by the call ef When “isUniqle” isfalse, the

ope

ation is defined to replace the first example of the instance in the Attribute collection.

Wh
“ r

“isOrdered” istrue and “isUnique’ isfalse, the“add_<attr_name>_at,"\'modify_<attr name> |
ove <attr_name>_at” are provided to allow the client to update the collection in the presence of d

operations specify an element insertion point or an element to be modifiedto be removed by giving a
For fhe purposes of these operations, the elementsin an Attribute collegtion are numbered starting fronj zero according

tot

These five
operation.

9.3.74 C

e defined order of the members of the collection. The operationsare as follows:

hdd_<attr_name>_at - inserts the new M1-level base typeinstance so that it appears at the positi
nstance originally at that position, and all instances will have their position indexes increased by

modify <attr_name>_at - replaces the M1-level base type instance at the position.

emove_<attr_name>_at - removes the M1-level base type instance at the position given. Any i
collection that follow the removed instance Will have their position indexes decreased by one (i.e.
poes not leave a“hole” in the Attribute ceflection).

bdditional operations must also respect the restrictions listed above for the multi-valued “set_<

hangeability and Derivedness

The previolis semantic descriptions assume the M2-level Attribute has “isChangeable” set to true and “isl

false. This
If an Attrib|

sub clause describes what happens if this is not the case.

Lite has “isChiangeable” set to false, the effect on the IDL mapping is that all generated operatio

the Attribute's state-are suppressed. This does not preclude the existence of other mechanisms for updating

state.

tthibute’'s “j

at,” and
Liplicates. These
position index.

on given. The
bne.

stancesin the
the operation

cattr_name>"

Derived” set to

ns for updating
the Attribute’'s

for the derived

Setting an

sDerived” flng totrue, hasno effect onthe 1Dl m:\pr\i ng The nlnnrntinnc generat

and non-derived cases are equivalent and they are defined to have equivalent semantics. If a derived Attribute’s
operations are coded by hand, it is the programmer’s responsibility to ensure that they implement the required semantics.

9375 C

lassifier scoped Attributes

The previous semantic descriptions assume the M2-level Attribute has “scope” set to “instance level.” When an

Attribute’'s “

scope” is “classifier_level,” we can model the notional relation that defines the M1-level Attribute state as a

relation between the Class extent and the AttrType; see 8.6.3, “Scope,” on page 143. In the IDL mapping, this translates
to anotional relation between a Class Proxy object and instances of the Attribute’s M1-level base type.

© ISO/IEC 2005 - All rights reserved

179


https://iecnorm.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

On this basis, an Attribute whose “scope” is “classifier_level” differs from one whose “scope” is “instance level” in the
following respects:

» Thenotional Class Proxy — AttrType relation supplies the value or values accessed and updated by “ classifier_level”
scoped Attribute operations.

» When the Attribute has aggregation semantics of “composite”:

« the Composition Closure rule means that the Class Proxy object and M 1-level Attribute value Instances must
bel ong to the same extent, and

« ¢hecking for composition cycles is unnecessary. The Class Proxy object that holds the Attribute value(s) is not an
nstance, and thus cannot be a“ component” in this sense.

9.3.7.6 Inherited Attributes

The previolis semantic descriptions apply equally to Attributes defined within an M24eyel Class, and Attfibute inherited
from supertypes of the Class.

9.3.7.7 Life-cycle Semantics for Attributes

The previoyis semantic descriptions say nothing about how an Attribute’getsitsinitial value or values. (With the exception
of the single-valued case of the “<attr_name>" operation, the semanti¢ descriptions would “work” if no rjotional
relationships existed initially.) In fact, the IDL mapping ensures that all M1-level Attributes get a client-qupplied initial
value:

« All finstance_level” scoped Attribute values for aniM3+-level Instance object areinitialized from the pgrametersto the
“create_<class_name>" operation.

« All fclassifier_level” scoped Attribute valueswithin the extent of an outermost M1-level Package arefinitialized from
the parameters to the “ create_<package.name>" operation.

An M1-levgl Attribute only exists while the M1-level Instance object or Class Proxy object that it belongs fo exists. When
the object i deleted, the notional relationships disappear as well.

Attributes with “composite” aggregation semantics have specia life-cycle. When an object with a composite Attribute is
deleted, thg Instance object or (objécts that form its value are also deleted.

Note that uplike Associations, when an Instance object is deleted, the delete operation should make no attempt to tidy up
“dangling rgferences’_to-i.
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9.3.8 Reference Semantics for the IDL Mapping

The IDL mapping maps References into a hybrid that combines an Attribute style interface with Association access and
update semantics. In each case, a Reference operation maps fairly directly onto an Association operation as shown in the
table below.

Association Operation(s)

Multiplicity Reference Operation . L . . .
(assomimg—that the TeferencedAssocrationemg is the 2nd one)
optional i.<reference_name>() temp = a.<referenced_end_name>(j)
if temp.size > 0 then
temp[0]
else
raise NotSet
single- and i.<reference_name>() a<referenced_end<name>(i)
multi-val ued
optional i.set_<reference_name>(new) old = a.<reference_end_name>(i)
if old.size-> 0 then
amodify <reference_end_name>(i, old[|0], new)
else
a:add(i, new)
optional i.unset_<reference_name>() old = a.<reference_end_name>(i)

if old.size > O then
aremove(i, old[Q])

single-valyied i.set_<reference_name>(new) old = a<ref_end_name>(i)
amodify_<ref_end_name>(i, old, new)

multi-val ued i.set_<reference_name>(new) old = a<ref_end_name>(i)

forjinO.. (old.size- 1) do
arremove(i, old[j])

forjin0.. (oldssize- 1) do

a.add(i, new([j])
multi-valued i.add- <reference_name>(new) a.add(i, new)
multi-valued i.add before <reference_name>(new, a.add before <referenced_end_name>(i, hew, before)
before)
multi-val ued i.modify_<reference_name>(old, new) amodify_<referenced_end_name>(i, old,|new)
multi-valued i.remove_<reference_name>(old) aremove _<referenced_end _name>(i, old)

In practice, an implementation also needs to transform exceptions reported for the Association operations into exceptions
that apply from the Reference perspective. In addition, a “quality” implementation would ensure that Reference
operations did not leave the Association abject in a half way state following an exception.

NOTE: The above semantic mapping description is not intended as implying any particular implementation approach.
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9.3.9 Cluster Semantics for the IDL Mapping

The impact of clusters on the IDL mapping semantics are largely described elsewhere. At the M1-level, a clustered
Package behaves identically to a nested Package in terms of life-cycle and extent rules. The only significant differenceis
that clustering is not always a strict composition relationship at the M1-level; see 8.8.4, “Package Extents,” on page 147.
In the IDL mapping, this means that two or more Package “ref” attributes point at the same clustered Package instance.

All operatigns defined by the IDL mapping (including the Reflective versions) are required to be atomic gnd idempotent:

 |If an operation succeeds, state changes required by the specification should be made, except las noted Ipel ow:
 [When an Instance object is deleted, deletion of any component Instance objects may-occur asynchronously.
* [When an Instance object is deleted, removal of links to the deleted I nstance gbject may occur asynchronously.

» |If a operation fails (e.g., by raising an exception), no externally visible changes'should be caused by the failed
opefation.

»  When the invocation of two or more operations overlap in time, the resultant behavior should be semantically
equijvalent to the sequential invocation of the operations in somerder.

NOTE: The IDL mapping specification does not require atransactional or persistent implementation of a
meta-data server.

9.3.11 The Supertype Closure Rule

The inheritance pattern for Instance and Class Proxy.interfaces has an important consequence when one MpP-level Classis
a sub-Clasq of a second one.

Recall that jeach Class Proxy interface defines a factory operation for the corresponding Instance object, @nd that it also
inherits fro(ln the Class Proxy interfaces for any M2-level super-Classes. Taken together, this means that any Class Proxy
object has ¢perations for creating Instance objects for both the M2-level Class, and al of its M2-level super-Classes.

Normally, this artifact of the LIDL)inheritance hierarchy isjust a convenience. However, problems arise when an M2-level
Class (e.g.,|P2::C2) has a super-Class that is imported from another M2-level Package (e.g., P1::C1); see|Figure 9.3 on
page 183. The Class Progy~interface corresponding to the C2 Class now has a factory operation to create|instances of a
Class from [another Pagkage, and therefore would appear to require all of the mechanisms for creating, agcessing,
updating, and deletingthese instances. This is not what Package importing is defined to mean.

The adoptefl.sefution to this problem is to add an extra restriction to the MOF computational semantics. This restriction
is known astte-Sopertype-CrosureRute:

Supertype Closure Rule

Suppose that the Package extent for a non-nested M2-level Package P contains a Class Proxy object, which has a create
operation for instances of Class C. This create operation can be used if and only if the M2-level closure of the Package P
under generalization and clustering includes the M2-level Class C.
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In other words, a factory operation for instances of an M2-level Class will only work within a Package instance with the
machinery for supporting the Class. The Supertype Closure Rule is illustrated in Figure 9.3.

. P1 Instance P2 Instance
. l el
«imports» ' L.
P2 l Cl . 1 C1 ' s
! ' %X! ! ' %Xy : v
Pl — o : . c2
R\\ N ! . extent | |
«clusters» ] P3 : : . c1ro ! : C
© ! extent, . o
P1:C1 T P3 Instance
/ V\ e T, O :
Lot | Proxy | : D
PZ:C2 P3::C3 o : C3 . C3 '
. : Proxy | @ extent .
S o ! -
Meta-model Definition .. extent) - . Lo
Figure 9.3 { Supertype Closure Rule
9.3.12 Copy Semantics for the IDL Mapping
The IDL mgpping currently defines no ARISfor copying meta-data. Copy semantics are therefore beyond t
clause.
9.4  Bxception Framework

This sub clause describes.the'way that Exceptions are organized in the MOF to IDL mapping. These excep

in avariety|

of CORBAnterfaces, including:

+ Rl
(abs
“Re

ectiveinterfaces: (see 10.2.2, “ Reflective::RefBaseObject (abstract),” on page 250, 10.2.3, “ Refleq
tract);> on page 254, 10.2.4, “ Reflective::Ref Association (abstract),” on page 265, 10.2.5,

he scope of this

tions are raised

tive::RefObject

flective: : Ref Package (abstract),” on page 269

» Modéd interfaces (see 7.4, “MOF Modd Classes,” on page 41 and 7.5, “MOF Model Associations,” on page 85).

« Specific interfaces produced by the mapping templates (see 9.8, “IDL Mapping Templates,” on page 202).

The exceptional conditions that arise in the context of the MOF to IDL mapping are classified into 5 groups:

1. Structural errors - this group covers those situations where the basic structural consistency rules for the metadata are
(or would be) violated. For example, when there are too many or too few elementsin a collection value.

2. Constraint errors - this group covers violations of metadata consistency rules specified in the metamodel using
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5.

Constraints.

Usage errors - this group covers those situations where a client tries to use the MOF interfaces in a meaningless way.
For example, giving a‘position’ for a collection element that is outside of the collection bounds.

Reflective errors - this group covers errors that can only occur when using the Reflective interfaces. For example,
calling “refInvokeOperation” on an Attribute. These errors are the notional equivalent of runtime type errors.

Se

The complgxity of the MOF means that the number of exceptional conditionsis (at least in theory) unboynded. The
precise set pf possible exceptional conditions for just one operation in the mapped interfaces can bevery [hard to define.
Constraint and Semantic errors are particularly difficult to tie down. Furthermore, including lots|of excepfionsin an IDL

operation signature can make client code inordinately complex.

To solve these problems, the MOF IDL mapping defines the MofError exception that.covers most of the exceptional

conditions that might arise.

struct NampdValueType {

h

typedef sequence < NamedValueType > NamedValueList;

except{on MofError {

h

The fields ¢f the MofError lexception are defined as follows:

184

wsltring name;

any value;

wsltring error_kind;
RefBaseObject element_in_error;
NamedValueList extra_info;

wsltring error_description;

errgr_kind is @wide string that denotes the particular kind of exceptional condition that is being raised. The
formation of, values for thisfield is discussed below.

element_in_error isthe DesignatorType for the object or feature that is deemed to be in error for this error
condglition. The detailed specifications of the error conditions below define which meta-object should Qe returned in
each case. In situations where no M2-level meta-objects are available, this field may contain a nil object reference.

extra_info isalist of name/ value pairs that provides the client with extrainformation about the error condition.

Thelist consists of zero or more standardized name / value pairs, followed by any implementation specific pairs.
For the standardized part of the list, the sequence of the pairs and the values (including casing) of the names are
mandatory. This allows clients to extract list elements by position or by matching names. It is recommended that
implementors take the same approach for the implementation specific part of the list.

error_description isahuman readable diagnostic message in awide string. The contents of thisfield are not
specified by this document.
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NOTE: The standardized name / value pairs for the extra_info field represent a compromise between the anticipated cost of
implementation and the provision of useful information to the caller. Implementors are encouraged to provide additional
information. Similarly, implementors are encouraged to provide detailed and informative diagnostics in the
error_description field.

94.1

The values
“org.om
“au.edu

The values

Structura g
the specifig
for the Ref

Constraint
constraint rf
“PackageA

“:constr]

or with an

itis:

“com.adg

See “Const

9.4.2

E

Usal

Sen

Speq
reve

S

Fror_kind string values

g.mof:structural.composition_cycle”
dstc.mofamatic:botched_assertion”
for each group of errors are as follows:

nd Reflective errors: the prefix “org.omg.mof:” followed by either” structural.” or “reflecti

ective module.

ame using the Format2 convention. For example, a:Constraint named “MyConstraint” declaregd
:ClassB,” the error kind string value is:

aint.package_a.class_b.my_constraint”

DL prefix of “com.acme”

me:constraint.package_a.class_b.my_constraint”
raint Template” on page 245 for the definitive specification.
De errors. not applicable. None of these error conditions are signalled using MofError.

antic errors.-animplementation specific prefix, followed by “:semantic.” followed by an imple:|:1
ific string—f\'s strongly recommended that the implementation specific part follow the conventio
rse domalin names, all lowercase, periods for qualification and underscores between words).

fruetural Errors

of the error_kind field or MofError are structured using Java's reversed domain name’syntgx:

X

ve.” and then

error name in lowercase with underscores between words. These values are defined as constgnts in the IDL

brrors: the IDL prefix for the metamodel (if any), followed by “:constraint.” followed by the qualified

in

entation

s above (i.e.,

All structural errors are signalled using MofError. With the exception of “Underflow,” the consistency rules covered by
the structural errors are either pre- or post-conditions on operations.
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The MOF IDL mapping defines the structural errors as defined in the table below.

Structural error

“Element_in_error”

Sandard “extra_info”

Description

Underflow

Attribute, Parameter, or
Association End defining
the Multiplicity that is
violated.

none

"Underflow" arises when a collection or
projection contains fewer values than is
required by the corresponding

Multiplicity.lower.

Note that the evaluation™ LIlnderflow" is

context dependent. Far-an
takes a collection'value as
whose net effectlis to decrd

operation that
a parameter, or
base the number

of elementSiti-a multi-valjied Attribute or

a projegtion of aLink set,
treated as an immediate cd
other-cases, “underflow” i
deféerred constraint.

“underflow” is
nstraint. In
5 treated as a

Overflow

Attribute, Parameter, or
Association End defining
the Multiplicity that is
violated.

none

"Overflow" arises when a
projection contains more \
alowed by the correspond
Multiplicity.upper.

collection or
alues than is

ng

Duplicate

Attribute, Parameter, or
Association End defining
the Multiplicity that is
violated.

“duplicate” : Any(<Vaue>)
A value that @ppears more
than once'in the unique
colleetidn / projection.

"Duplicate”" arises when a
projection whose correspo
Multiplicity.is_unique is tn
duplicate values. For exan
or more values at different

according to the definitio

icollection or
hding

Lie contains

ple, when two
positions in the

in 8.4,

collection or projection thrF are “equa”

“Semantics of Equality fo
on page 140.

MOF Values,”

Reference

Closure

Reference for whichthe
closure rule is violated.

“external” : Any(<Instance>)
An Instance that violates a
closure rule with respect to
the Association being
updated.

"Reference Closure" can a
Association extent contain
Instance object belonging

outermost Package extent.
particularly, this happens V
Instance object's M 2-level
super-Class ancestor) has

the M2-level Association.

“The Reference Closure R
153.

rise when an
5alink for an
0 another
More

vhen the
Class (or a

h Reference to
See 8.11.1,
ule,” on page

Compositi

Closure

Attribute or Association for

“external” : Any(<lnstance>)

"Composition Closure" ari

when an

which the closure rule is
violated.

An Instance that was passed
as or within in an operation
parameter that violates the
closure rule.

Instance object is member

of a composite

that crosses an outermost Package extent
boundary. See 8.11.2, “The Composition

Closure Rule,” on page 15

5.
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Structural error “Element_in_error” Sandard “extra_info” Description

Supertype Closure Class of the object that none "Supertype Closure" arises when a client
cannot be created. attempts to create an Instance object in a

Package extent that does not support its
M2-level Class. See 9.3.11, “The
Supm typl:: Closure Ru:c," pn page 182.

Compositign Cycle Attribute, Reference or “cyclic” : Any(<Instance>) "Composition Cycle"arisas when an
Association that is being A composite Instance passed | Instance object isacomponent of itself via
updated to form the cycle. as or within a parameter that | one or more relationhships fefined by

would become cyclic as a composite Associations or|composite
result of this operation. Attributes:

Nil Object Reference or Association none "Nil-Object" arises when an Association
End for which the nil object operation is passed a CORBA nil object
reference was supplied. reference.

Inaccessiblg Object Attribute, Parameter, “inaccessible” : "Inaccessible Object" arisgs when an
Reference, or Association Any(<RefObject>) operation tries to use an Irnstance object
End for which the An Instance object that-was | only to find that it is currgntly
inaccessible object was inaccessible. inaccessible.
detected.

Invalid Objlect Attribute, Parameter, “invalid”, ; "Invalid Object" can arisejwhen an object
Reference, or Association Any(<RefBaseObject>) operation detects a reference for a non-
End for which the invalid An_ ebject reference for a existent (i.e.,deleted) objeqt.
object was detected. MOF meta-object that does

not exist.
Already Exjists Class of the object that “existing” : Any(<Instance>) | “Already Exists’ arises when a client
aready exists. The pre-existing singleton attempts to create a second | nstance object
Instance object for the extent. | for an M2-level Class with “isSingleton”
of true.

NOTE: There are no mandatory ‘extra_info’ pairsfor "Overflow" and "Underflow" because the error condigons occur in
such awiddgrange of contextsthatit isdifficult to come up with a set that is universally applicable. Vendors are encouraged to
innovate by| defining non-standard pairs.
The follow{ng IDL constants define the corresponding error_kind strings.
const string UNDERFLOW_VIOLATION =

" org.omg-rofstructoal-bhdertow—

const string OVERFLOW_VIOLATION =
"org.omg.mof:structural.overflow";

const string DUPLICATE_VIOLATION =
"org.omg.mof:structural.duplicate”;

const string REFERENCE_CLOSURE_VIOLATION =

"org.omg.mof:structural.reference_closure";
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const string SUPERTYPE_CLOSURE_VIOLATION =

"org.omg.mof:structural.supertype_closure";

const string COMPOSITION_CYCLE_VIOLATION =

"org.omg.mof:structural.composition_cycle";

const string COMPOSITION_CLOSURE_VIOLATION =

"org.o
const strin
"org.o
const strin
"org.of
const strin
"org.o
const strin

"org.o

943 C

Constraint
All Constra
* The|

* The|
Con

instance occurred.

« The|
cong

Constraints|
rule are lik
reported w

hg.mof:structural.composition_closure";
) NIL_OBJECT_VIOLATION =
ng.mof:structural.nil_object";

) INACCESSIBLE_OBJECT_VIOLATION =
hg.mof:structural.inaccessible_object";

) INVALID_OBJECT_VIOLATION =
hg.mof:structural.invalid_object";

) ALREADY_EXISTS_VIOLATION =

hg.mof:structural.already_exists";
onstraint Errors

brrors occur when a consistency rule is defined as a Constraint in the metamodel.
int errors are signalled by raising MofError. The fields of the MofError exception are defing
error_kind string is defined by the }DL mapping rules (see 9.8.16, “Constraint Template,” on p3

element_in_error isthe designator for the M odel Element whaose Constraint has been violated.
straint on a DataType, the designator isthe Parameter or Attribute for the context in which the erro

Etrained object(s) orvalue(s) for which the constraint is violated.

can be defined with an “evaluationPolicy” of “immediate” or “deferred.” In the former case, Vv
y to hereported when a constrained object is created or updated. In the latter case, violations
en deferred Constraint checking is triggered.

ed as follows:
ge 245).

In the case of
heous DataType

value of the extra-info field isimplementation specific. Where possible, the implementation shquld provide the

olations of the
are likely to be

NOTE: Theabove Statements assume thal constraint checking 1s implemented according to the Spifit of 8.8, ©

page 145.

9.4.4 Semantic Errors

tents,” on

The Semantic error group is the “catch all” for otherwise unclassified implementation specific errors. Semantic errors are

signaled by
« addi

raising the MofError exception when appropriate. Possible sources of this error include:

tional metadata consistency rules that are not specified in the metamodel,

» implementation specific access control violations,

188
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» resource limitations in a metadata server, and
» internal errorsin ametadata server.
The values of the MofError exception fields for a Semantic error are implementation specific:

» Implementors should define a unique string for the error_kind field to distinguish the different kinds of Semantic
error. These values should conform to the pattern described in 9.4.1, “Error_kind string values,” on page 185.”

+ Thelvaues and meanings of the eflement_in_error and extra_info f1elds should be deflined as apprppriate.

9.4.5 Usage Errors

The Usage error group indicates inappropriate use of the MOF IDL interfaces. They can ariséwhen aclient is using either
the Reflective interfaces, or the interfaces generated by the IDL mapping.

The Usage ferrors are signalled using their own exceptions.

Table 9.1 -|Usage Exceptions

Usage Exception Arguments Description
NotFound none NotFound is raised by{modify and remove operations on %ulti—val ued

Attributes, References) and Associations when the argument that should
identify the member or link to be removed does not match any value
that is currentlyothere.
NotSet none NotSet israised when a client attempts to read the element value of an
optional collection (i.e., one with bounds of [0..1]) when the collection
is empty.
BadPositipn none BadPosition is raised when a positional add, modify, or rgmove
operation is supplied with a‘position’ argument whose Value is out of
range. The collection’s current size is returned in the excgption’s
‘current_size’ field. Thiswill be 0 if the collection is empty, 1 if it
contains a single member, and so on.

NOTE: The members of a collettion value containing size elements are numbered {0, 1,... size - 1} for the pufposes of the
positional update operations. The positional modify / remove operations are defined to modify or remove the ember indexed
by the position (i.e.,pasition valuesin the range 0 to size - 1 inclusive are valid). The positional add operation is defined to
insert amember beforethe member indicated by the position. In this case, position valuesin the range 0 to s{ze inclusive are
valid, with $ize méaning “insert at the end.”

The IDL dectarations for the tUSage error eXCeption are &5 folfows:

exception NotFound {};
exception NotSet {};

exception BadPosition {
unsigned long current_size;

h
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9.4.6

Reflective Errors

Reflective error conditions occur exclusively in operations in the Reflective interfaces. They occur when a Reflective

operation is invoked with parameters that contradict the target object's description in the metamodel. When the client uses
interfaces generated by the IDL mapping, the static type checking based on the specific IDL signatures should prevent the
equivalent errors from occurring.

In most cases, the MofError exception is used to signal reflective errors. Table 9.2 lists the Reflective errors that are

signalled uging MofError, along with the MofError field specifications and descriptions. All are preconditions for the
respective gperations.

Table 9.2 - [Reflective Errors signalled using MofError

Reflective “Element_in_error” Sandard “extra_info” Description

error

Invalid ModelElement that is none “Invalid’Designator” arises wher| a “feature”

Designator invalid parameter:

e _.is.not a Model::Model Element, or
*_-does not denote an accessible| non nil
CORBA aobject.

Wrong ModelElement that hasthe | none “Wrong Designator Kind” arises|when the

Designator wrong kind supplied designator has an inappfopriate most-

Kind derived type. For example, when a
Model::Attribute is supplied where a
Model::Operation is required.

Unknown Model Element that is not none “Unknown Designator” arises when the supplied

Designator known. designator does not belong in this context. For
example, when a Model::Attribute is not a
member of this Instance’s Class pr its
superClasses.

Abstract Class Class that is abstract. none “Abstract Class’ arises when a cjient calls
“refCreatel nstance” for a Class that is defined as
abstract.

Not Changgable | ModelElement-that has none “Not Changeable” arises when afp update

“isChangeable>/= false operation is attempted on something that is
defined by the metamodel to be not changeable.

Not Navigadble AssaCiationEnd that has none “Not Navigable” arises when RefAssociation
“iSNavigable” = false operations are attempted for an AssociationEnd

that is defined by the meta-moddl to be not
navigable.

Not Public ModelElement that has none “Not Public” arises when an opefation is
“vigibility” ="“private_vis’ attempted for a “private” or “protected” feature.
or “protected vis’

Wrong Scope Attribute or Operation none “Wrong Scope” arises when an attempt is made
with “scope” = to use an instance-level Attribute or Operation
“instance_level” from a Class proxy object.
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AssociationEnd, or
Parameter for the value
that isin error.

The value or object whose
type isincorrect in this
context. (The first version is
used when the value in error
was passed as an Any, and the
second when it was passed as
a RefObject.)

“expected_type” :
Any(TypeCode)

The CORBA TypeCade that
the value should¢have been.

Reflective “Element_in_error” Sandard “extra_info” Description
error
Wrong Reference or Attribute none “Wrong Multiplicity” arises when a reflective
Multiplicity used in error. operation is requested where the corresponding
specific operation does not exist for this
feature’'s multiplicity. For example:
g member update o a10-1qr [1..1] feature,
¢ aunset on afeature that ishof [0..1],
* an add_value_at on an‘unordered feature.
Wrong Tyfde Attribute, Reference, “invalid_vaue’ : Any “Wrong Type” ariseswhenh a RefObject or an

Any value has the wrong type fgr context in

which it was supplied. For example;

¢ A RefObject.whose most derived typeis
incorrect; for example, has thg wrong M2-

level Class or is a Class proxy
Instance, or vice versa.

instead of

¢*~“An Any value that contains afsingle value

where a sequence is required,

or vice versa.

¢ An Any value that contains afsingle value or
sequence of values of the wragng CORBA

type.

Wrong Nutnber

Class or Operation for

“number_expeeted” :

“Wrong Number Parameters’ ariges when a

Parameterg which the wrong number Any(Unsigned Long) client calls “refCreatel nstance” qr
of actual parameters was The expected number of “refInvokeOperation” with too féw or too many
supplied. actuakparameters. parameters.
Invalid A nil object reference none “Invalid Deletion” arises when gclient calls
Deletion “refDelete” on a meta-object thal cannot be

deleted thisway; that is, an Assogiation object, a
Class Proxy object, or a dependgnt Package

object.

The following IDL defines theerror_kind strings for the above Reflective errors:

const string INVALID_DESIGNATOR_VIOLATION =

"org.omg.mof:reflective.invalid_designator”;

const string WRONG_DESIGNATOR_DESIGNATOR_VIOLATION =

" org.ormg-mofTeftfective-wrong_desigator_Kia ™

const string UNKNOWN_DESIGNATOR_VIOLATION =

"org.omg.mof:reflective.unknown_designator";

const string ABSTRACT_CLASS_VIOLATION =

"org.omg.mof:reflective.abstract_class";

const string NOT_CHANGEABLE_VIOLATION =

"org.omg.mof:reflective.not_changeable";

© ISO/IEC 2005 - All rights reserved

191



https://iecnorm.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

const string NOT_NAVIGABLE_VIOLATION =
"org.omg.mof:reflective.not_navigable”;

const string NOT_PUBLIC_VIOLATION =
"org.omg.mof:reflective.not_public";

const string WRONG_SCOPE_VIOLATION =

"org.omhg.mof:reflective.wrong_scope";

const string WRONG_MULTIPLICITY_VIOLATION =
"org.omg.mof:reflective.wrong_multiplicity";

const string WRONG_TYPE_VIOLATION =
"org.ormg.mof:reflective.wrong_type";

const strinff WRONG_NUMBER_PARAMETERS_VIOLATION =
"org.omg.mof:reflective.wrong_number_parameters"”;

const string INVALID_DELETION_VIOLATION =

“org.omg.mof:reflective.invalid_deletion”;

Other Excgption

There is ong exception to this — when an Operation definedin the metamodel raises an Exception that is|also defined in
the metamadel; see below.

The OtherfException exception is raised when.a'call to “reflnvokeOperation” results in an error conditiion that
corresponds to an M2-level Exception defined for the Operation in the metamodel.

exception PtherException {
DesignjatorType exception_designator;
Values[lype exception_args;

h

The argumgnts to the-QtherException exception are as follows:

« exceptiensdesignator givesthe designator for the M2-level Exception raised.

« exception_args isan ordered list of CORBA Any valuesthat represent the arguments of the Excepliion raised. The
encoding of thisfield is defined in the specification of the “reflnvokeOperation” on page 263.

NOTE: When an error condition could be expressed as either a Reflective error or a Structural error, the latter takes
precedence. For example, if oneend of Link inacall to “refAddLink” isanil object reference, this should be signalled as “ Nil
Object” rather than “Wrong Type.”

95 Preconditions for IDL Generation

The IDL mapping may not produce valid CORBA IDL if any of the following preconditions on the input meta-model is
not satisfied:
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MOF Model constraints, as defined above, must al be satisfied for the input meta-model.
input meta-model must be structurally consistent.
visible names within a NameSpace must conform to the standard CORBA IDL identifier syntax:

‘An identifier is an arbitrarily long sequence of ASCI| aphabetic, digit and underscore (

Thefirstd character must be an ASCI| aphabetic character.”

) characters.

Names of N
“Substitute

NOTE: No
However, f(
within the N

The
HSJ
9.7.

An

link
typd
An
An

The

Aftd

im
AQ
AQ

To0el ETements thal have avalid "1dl_SubsHtute_name
Name,” on page 196).

lag are excepted Trom this preconditiqg

such requirement applies to Model Elements such as Tags whose names are not visiblein the IDL
r these “invisible” elementsit is advisable to use a naming convention that minimizesthe risk of
amespace itself.

hstitute Name,” on page 196), the application of the Format1, Format2 er, Format3 name rewriting
|, “Generated IDL Identifiers,” on page 198) and other name mangling; as specified in the mappin

MliasType, CollectionType, or StructureType may not depend onyitself viaachain of ‘ISOf Type' al
5 between DataType or StructureField instances. For exampley MOF DataTypes that map to IDL 1
S are not supported.

psted Package may not be used as a subtype or supertype.
bsted Package may not import or be imported by-another Package.

following interim visibility definitions and.constraints apply to the IDL mapping:

A\ ModelElement is visible to another Madel Element only if the former has visibility of “public_v

n; (see 9.6.2.1,

mapping.
name collision

visible Model Element names must map to contextually unique IDL identifiersafter name substitution (see9.6.2.1,

algorithms (see
) templ ates.

nd ‘ Contains
ecursive data

S.

A\ Model Element declared within anether top-level Package isvisible within atop-level Package only if the former

Package is imported, clustered, or;inherited by the latter Package.

Dne Model Element can only.depend on another (in the sense of the M2-level DependsOn Association) if the latter

svisible from the former within the definition of visibility immediately above.

br name substitution (see “ Substitute Name” on page 196), the name of an Import must equal the n
bortedNamespace.”

ass may potdoe nested within another Class.

ass may, hot be imported.

Ame of its

If a

Constraint is contained by a DataType or Operation, its name must also be unique in the DataTyp4

or Operation’s

container Namespace.

Model Elementsin ameta-model cannot be cyclically dependent except as follows:

« A dependency cycle consisting of one or more Classes islegal, provided they all have the same container.

« A dependency cycle consisting of one or more Classes and one or more DataTypes or Exceptions, islegal provided
they all have the same container.

NOTE: This precludes circular importing and circular clustering. It also precludes recursion between “pure” DataTypes. (The
two exceptions correspond to cases that can be expressed in OMG IDL using forward interface declarations.)
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CORBA 2.3 adds an additional IDL restriction: “The name of an interface or a module may not be redefined within the
immediate scope of the interface of the module.” For example;

module M {
typedef short M; Il Error: M is the name of the module
/l'in the scope of which the typedef is
interface | {

void i (in short j);

JLError-iclasheswith-the interface

h

The IDL tenplates in this specification do not contain any patterns of this form. However, poorchoice off names in a
meta-model may generate IDL that violates this restriction. In particular, the same name sheuld not be used for both a
container and its contents. For example, a Package should not have the same name as one-of its Classes, PataTypes, or
Associations. A Class should not have the same name as one of its Attributes or References. An Associatjon should not
have the saime name as one of its AssociationEnds.

9.6 Standard Tags for the IDL Mapping

This sub clause defines the standard Tags that apply to the Model to LBL ‘mapping. Other Tags may be atfached to the
elements off a meta-model, but the meaning of these Tags is not speCified. Similarly, this sub clause does ot specify the
meaning of|the Tags below in contexts apart from the Model to. /DL mapping.

All standargl Tag identifiers for the IDL mapping start with the prefix string:

“org.ompg.mof.idl_"

The notation used below for defining the Tags is described in Table 7.5 on page 137.

NOTE: Many of the IDL mapping Tags significantly alter the interface signatures of the generated IDL. It is prudent for an
IDL generatjor to only respect | DL mapping Tags when they are contained within the respective meta-model. Otherwise, it may
not be pos;})le to determine which Tags were in effect when the meta-data server was generated. This would fnake it hard for
aclient to infer the meaning of generated IDL at runtime. It would also make problems for automatic server and client
generators.

9.6.1 Tags for Specifying IDL #pragma directives
9.6.1.1 0L Prefix

This tag allpwSthe meta-modeler to specify the CORBA Interface Repository Identifier prefix for the genefated IDL. This

is essential wher-a-MOEmeta-modes-used-as-the-authoritative-source-for HBLfor some-other OMG-standard

tag id: “org.omg.mof.idl_prefix”

attaches to: Model::Package

values: one String

meaning: This tag supplies a Repositoryld prefix that is used for the entire module generated for the
Package.
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tag id: “org.omg.mof.idl_prefix”
idl generation: A #pragma prefix is inserted into the IDL before the “module” declaration for the Package.
restrictions: [1] A Prefix tag should only be attached to a non-nested Package.

[2] A Prefix tag should have avaluethat isavalid OMG IDL prefix, consisting of ASCII letters,
digits, underscore (* '), hyphen (*-") and period (*.") as specified in the CORBA Core
specification.

[3] A Prefix tag contained by a Package takes precedence over one that is not cerjtained.

9.6.1.2 10L Version

When a MQF metamodel is modified it will often result in generated IDL that has the same module and ipterface names
but different interface signatures. In such cases, it is strictly necessary to use different IDL*version numbers for all types,
interfaces, and exceptions whose signatures have changed. In MOF 1.4, this can be‘dene by attaching an [Version tag to

the approprjate model elements.

tag id:

“org.omg.mof.idl_version”

attaches tp:

Model::Package, Model::Class, Model::AssoCiation, Model::Attribute, Model::Operation,
Model::Reference, Model::StructureType; Maedel::AliasType, Model::CollectionTlype,
Model::EnumerationType, Model::Exception, Model::Constant, Model::Constrairjt

values:

one String

meaning:

This tag supplies a version number that is used for selected IDL declarations corfesponding to
the tagged element.

idl generdtion:

A #pragma version isfnserted into or following selected IDL declaration for moglules,
interfaces, data types, constants, and exceptions generated from the tagged modd element.
Version tags onvAttributes, Operations, and References result in version tags for fthe
correspondingtDL operations. Refer to the respective templates for details.

restrictiorys:

[1] ArVersion tag value must have the form “<major>.<minor>" where <major>and <minor>
ane unsigned 16 bit decimal integers.
[2]7 1t is not meaningful to attach a Version tag to an AssociationEnd, |mport, Pgrameter, Tag,
StructureField, or PrimitiveType.

9.6.2 Tpgsfaor Providing Substitute Identifiers

There are some situations when the IDL identifiers produced by the IDL mapping templates will result in name collisions.
The following tag allows a meta-modeler to provide a substitute for a model element’s name that will be used in IDL

generation.
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9.6.2.1 Substitute Name

tag id: “org.omg.mof.idl_substitute_name”

attaches to: Model::Model Element

values: one String

meaning: The value is a name to be used in place of the model element’s name.

idl generation: Wherever the IDL mapping makes use of a model element’s name, the substitut¢ name will be

used in its place. This substitution occurs before the application of Formatl,"Fdrmat2, or
Format3 rewriting and other name mangling.

restrictions: The preconditions described in “Preconditions for IDL Generation*on page 192 apply to the
substitute name. For example:
[1] Theidentifier formatting rules must produce a syntactiCally valid OMG IDL identifier

from the value.
[2] All identifiers produced from it must be unique if their respective scopes after formatting

and name mangling, as per the IDL mapping specification.
[3] There can be at most one Substitute Nametag for any given Model Element.

9.6.3 Tags for Specifying IDL Inheritance
The followilng tags allow the meta-modeler to specify that a generated interface inherits from one or moreladditional IDL
interfaces. These tags allow the definition of MOF-based /meta-models that are upwards compatible with pre-existing

meta-data i nterfaces expressed in CORBA IDL.

9.6.3.1 In[stance Supertypes

tag id: “org.omg.mof.idl_instance supertypes’

attaches to: Model::Class

values: one or mere Strings (order is significant)

meaning: The values give the fully qualified OMG IDL identifiers for additional interfacesthat the

“instance” interface for this Class should inherit from.

idl generation: The specified interfaces are added to the “instance” interface’s inheritance list folJowing the
other supertypes defined by the templates. They appear in the order given.

restrictions. [1] The values must be fully qualified identifiers for OMG IDL interfaces.

[ B ) I} " . 1 " o " " =S|
<] THEIT LATUT d TTIUSL UTNT TTIStdlN LT OUPTT LY SO 1Ay PEI UTaso.
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9.6.3.2 Instance Supertypes

tag id: “org.omg.mof.idl_instance_supertypes’

attaches to: Model::Class

values: one or more Strings (order is significant)

meaning: The values give the fully qualified OMG IDL identifiers for additiona interfaces that the
“instance” interface for this Class should inherit from.

idl generation: The specified interfaces are added to the “instance” interface’s inheritance_ listfol|owing the
other supertypes defined by the templates. They appear in the order given.

restrictions: [1] The values must be fully qualified identifiers for OMG IDL interfaces.
[2] There can be at most one Instance Supertypes tag per Class.

9.6.3.3 CJass Proxy Supertypes

tag id: “org.omg.mof.idl_class proxy_supertypes’

attaches t¢: Model::Class

values: one or more Strings (order is significant)

meaning: The values give the fully qualified OMGIDL identifiers for additional interfaces that the “class
proxy” interface for this Class should‘inherit from.

idl generagion: The specified interfaces are added to the “class proxy” interface’s inheritance list|following the
other supertypes defined by the'templates. They appear in the order given.

restrictions: [1] The values must be faly qualified identifiers for OMG IDL interfaces.
[2] There can be at mast one Class Proxy Supertypes tag per Class.

9.6.3.4 Apsociation Supertypes

tag id: “org.omg.mof.idl_association_supertypes’

attaches to: Model:: Association

values: One or more Strings (order is significant).

meaning: The values give the fully qualified OMG IDL identifiers for additiona interfaces(that the
interface for this Association should inherit from.

idl generation: The-specified-interfaces-are-added-to-the “association”Hiterface s-inheritance-Hstfol lowing the
other supertypes defined by the templates. They appear in the order given.

restrictions: [1] The values must be fully qualified identifiers for OMG IDL interfaces.
[2] There can be at most one Association Supertypes tag per Association.

© ISO/IEC 2005 - All rights reserved

197



https://iecnorm.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

9.6.3.5 Package Supertypes

tag id: “org.omg.mof.idl_package supertypes”

attaches to: Mode::Package

values: One or more Strings (order is significant).

meaning: The values give the fully qualified OMG IDL identifiers for additional interfaces that the
interface for this Package should inherit from.

idl generation: The specified interfaces are added to the “package” interface’s inheritance |ist folloyving the other
supertypes defined by the templates. They appear in the order given.

restrictions: [1] The values must be fully qualified identifiers for OMG IDL interfaces.

[2] There can be at most one Package Supertypes tag per Package.

9.7 Qenerated IDL Issues

During the design of the MOF Model to IDL mapping, several design decisians were made that are explained in this sub
clause.

9.7.1 Generated IDL Identifiers

Identifier neaming is an important issue for automatically generated IDL, especially when that IDL is intefjded to be used
by applications written by human programmers. The mapping has to reach a balance between conflicting [requirements:

» Syniactic correctness - all identifiersin the mapped IDL must conform to the defined CORBA IDL syptax, and they
must all conform to the CORBA scoping and\ipper/lower casing restrictions.

» Usef friendliness - identifiers should convey as much information as possible without being overly long.
« Conformance to existing conventions'- identifiers should conform to existing stylistic conventions.

The OMG ¢onventions for IDL identifiers (see “OMG IDL Style Guide: ab/98-06-03") are based on the notion that an

identifier i formed from one or-tnore words in some natural language. The conventions allow digits to be used in words
and take actount of acronyms:. Fhe Style Guide then specifies three different styles for putting some wordg together as an
identifier. In particular:

« ldentifiers for DL module, interface, and types are capitalized. If the name consists of multiple wordg, each word is
capitalizedsinsthe identifier.

 ldentifiers for IDL operations, attributes, formal parameters, struct, and exception members are al lower-case. If the

e e (P (DY ! hrmgnl) 1 TR A - | HI ALY
nan CUNSSLS U TTIUTUTPIS WUOUTUS, LT WUTUS AT SCUdAl dlCU Uy UTTUCSTSLUTCS ) TTTUIC TUTTIUTTTT .

« ldentifiersfor IDL constant and enumerator names are all upper-case. If the name consists of multiple words, the
words are separated by underscores (“_") in the identifier.

9.7.1.1 Rules for splitting MOF Model::ModelElement names into "words"

The MOF Model represents the “name” of a Model Element using the MOF String data type; that is, as UTF-16 strings.
The IDL mapping typically needs to convert these names (or alternates provided using an “idl_substitute_name” tag) into
OMG IDL identifiers for use in a variety of IDL contexts.
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Since the MOF Model (like the UML meta-model) does not restrict Model Element name strings, not al names can be
mapped to legal OMG IDL identifiers. For example, names that include graphic characters or accented letters do not map
to IDL identifiers.

Names that are subject to mapping must consist only of ASCII letters, digits, hyphens (‘*-'), underscores (‘') and white-
space characters, and must conform to the following syntax:

word = [A-Z] [A-Z0-9] * [a-20-9] *
| L 1L ol
i far—zt—ter—z6—9+
whitetspace: := sSp, CR, LF, HT, VT
non-sig ti= { ** ] *-' | white-space }*

ident]fier::= [non-sig] word { non-sig word }* [non-sig]

The above pyntax defines a heuristic for splitting names into a sequence of words. They,cah then be reasgembled into
OMG IDL |dentifiers using the 3 formats below. The “non-sig” characters are non-significant and are digcarded.

NOTE: The behavior of the IDL mapping for names that do not match the above syntax is not specified.
9.7.1.2 |10L Identifier Format 1

In Format 1, the first letter of each word is converted into upper case;and other letters remain the same casge as input. The
words are rjot separated by other characters. The table below lists.some examples of Format 1 identifiers,

Name Name split into words Identifier in Format 1
foo “foo” Foo

foo_bar “foo” “bar” FooBar
ALPHADbetical Order “ALPHADbetical’ “Order” ALPHADbetical Order
-alB2c3-g4- “al” “B2ec3"“d4” A1B2c3D4

DSTC pty|Itd “DSTC? “pty” “Itd” DSTCPtyLtd

Format 1 ig used by the IDL miapping to produce the names of modules and interfaces.

9.7.1.3 I0L Identifier{armat 2

In Format 2, all letters'in each word are converted into lower case. Each word is separated by an undersc

table below lists'some examples of Format 2 identifiers.

pore“ " The

Name Name split into words Identifier in Format 2
foo “foo” foo

foo_bar “foo” “bar” foo_bar

ALPHAbetical Order “ALPHADbetical” “Order” alphabetical_order
-alB2c3 d4 “al” “B2c3” “d4” al_b2c3 d4

DSTC pty Iid “DSTC” “pty” “Itd” dstc_pty_Itd
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Format 2 is used by the IDL mapping for identifiers for IDL operations, exceptions, attributes, formal parameters,
exception members, and members of generated struct types.

9.7.1.4 IDL Identifier Format 3

In Format 3, all letters in each word are converted into upper case. Each word is separated by an underscore “_.” The
table below lists some examples of Format 3 identifiers.

Name Name split into words Identifier in Format 3

foo “foo” FOO

foo_bar “foo” “bar” FOO_BAR

ALPHADbgtical Order “ALPHADbetical” “Order” ALPHABETICAL_ORDER
-alB2c3 ¢4 “al” “B2c3” “d4” Al B2C3 D4

DSTC pty Itd “DSTC” “pty” “Itd” DSTC_PTY~LTD

Format 3 iq used by the IDL mapping for identifiers for IDL constants.

9.7.1.5 Literal String Values

Literal string values (in String valued Constants) are not subject to word splitting and reformatting. They should be output
in the generated IDL as wide-string literals with character escape sequences as required to express the Stfing value as
legal IDL.

9.7.2 Generation Rules for Synthesized-Collection Types

The MOF Model allows Attributes, AssociationEnds, References, and Parameters to being single-, optiongl-, or multi-
valued depénding on the Model Elementis.base type and its multiplicity.

At various places in the mapped interfaces, it is necessary to pass collections that represent values for the optional- or

multi-valued cases. The IDL mapping synthesizes an IDL type for representing these collections. Thistype is atypedef
(i.e., an dias) for an unbounded-CORBA sequence of the collection’s base type, where the name of the typedef depends
on the corrg¢sponding Model Element’s multiplicity specification.

For examplp, for an ordered unique collection, the synthesized collection type would be a “unique list” (@r UList) type.
The typedef namefora unique list takes the form <Classifier Type>UList (i.e., the name of the collection|base type
followed by the'characters “UList”). For example, if an M2-level Operation returns an ordered, unique list of some Class
caled “Fog,"\thén the IDL type for the corresponding operation’s result is declared as follows:

interface Foo;
typedef sequence <Foo> FooUList;

Similar collection kind naming conventions are used for constructed data types. Thus for a non-ordered unique collection
of an enumeration type, the mapping would produce the following:

enum SomeEnum {el, e2};
typedef sequence <SomeEnum> SomeEnumSet;
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There are four distinct collection type suffixes corresponding to the combinations of the “isOrdered” and “isUnique” flags
for an element’s “multiplicity” attribute. The appropriate suffix should be generated whenever <CollectionKind> appears
in the IDL templates below.

Multiplicity Flags Collection Kind Suffix
none bag Bag
ordered Hst S

unique set Set

ordered, unique unique list (ordered set) UList

Note that t:l:e MOF Model specification includes a relevant Constraint on multiplicity val ues;’see the
orderedNonunique” constraint in 7.9.4, “The MOF Model Constraints,” on.page 105. This stafes that when a

“MustBeU

feature’s mpltiplicity bounds are [0..1], both the “isOrdered” and “isUnique” are set to-false. As a consequence, the
<CollectionKind> suffix for a [0..1] collection type is always “Bag.”

When the Hase DataType maps to a built-in CORBA data type, the base namgefor the synthesized collectijon type is

defined as ghown in Table 9.3.

Table 9.3 -| Base Names for Synthesized Collections of built-in_IDL types
MOF PrimitiveType CORBA data type Base name
PrimitiveTypes::Boolean boolean Boolean
PrimitiveTypes::Integer lehg Long
PrimitiveTypes::Long long long LongLong
PrimitiveTypes::Float float Float
PrimitiveTypes::Double double Double
PrimitiveTypes::String wstring WString
Corbal dITypes::CorbaShort short Short
Corbal dITlypes:: CorbaJnsignedShort unsigned short UShort
CorbaldITlypes:: CerbaUnsignedL ong unsigned long ULong
CorbaldITypes::€orbaUnsignedL ongL ong unsigned long long ULongLong
CorbaldITypes::Corbal_ongDouble Tong double LongDouble
CorbaldI Types::CorbaOctet octet Octet
CorbaldI Types::CorbaChar char Char
CorbaldITypes::CorbaString string String
CorbaldI Types::CorbaW Char wchar WChar
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Declarations for the collection types appear following the IDL declaration for a DataType or the forward IDL declaration
for a Class. Declarations for synthesized collection types for technology neutral and CORBA specific primitive data types
appear in the “PrimitiveTypes’ and “Corbal dl Types’ modules respectively. The corresponding IDL files will typically be
“#included” as required.

Operations produced by the IDL mapping with collection parameters must ensure that the sequence values supplied and

returned have an appropriate number of elements. When collection parameters are sets or unique lists, operations must
also ensure that the sequence values contain no duplicates.

9.7.3

To avoid sq

an appropr

implementg

9.7.4

This specif

contain any
generate ap
generate “#

9.8

Model speg
modul e stry

contains €l
embedded

The IDL m
Containment Hierarchy,” on page 40, except as stated in 9.5, “Preconditions for IDL Generation,” on pag
restrictions

The mappi

generated W
properties g

Throughou
Templates
a hypotheti

O

F

I

L Identifier Qualification

oping errors within the mapped IDL, identifier names must be either fully qualified, or partial
pte level. This specification |eaves the choice between the use of fully or partiglly)quaified id
r.

le Organization and #include statements

iication does not prescribe how the generated IDL is organized inte files. Therefore, the generati

“#include” statements. An implementor must decide how to erganize the generated IDL into

fndef” guards as required by the OMG style rules.

DL Mapping Templates

ific IDL is produced by traversing the containment hierarchy of atop-level M2-level Package,
cture of the resulting IDL directly reflegtsthe containment hierarchy of the source Package. |
g
iin it (assuming that IDL is produced.for Y).

Bpping supports the containnient hierarchy for Model Elements as described in 7.3.4, “The MQ

on meta-models that can be successfully mapped are described in the same sub clause.

19 rules are described’in terms of IDL templates. Each Template describes the maximum IDL
hen mapping MOF Model objects. In any specific case, the actual IDL generated will depend
f the corresponding MOF Model object.

the following Template descriptions, the IDL is said to be “generated by” the Templates. Cle

y qualified to
entifiers to the

on rules do not
files, and must

propriate “#include” statements to ensure that the resultant{lDL can compile. Similarly, the implementor must

The CORBA
element X

bment Y in the source model, then thelDL corresponding to X will have the IDL corresponding to Y

F Mode€
e 192. Further

hat could be
on the

arly the
a parameter to
ect as a second

0 not generate IDL in aliteral sense. Instead, the reader should imagine that each Template ig
al. ‘génerator function. When it is called with the appropriate kind of MOF Model Element obj

parameter, the function “elaborates’ the template to produce an appropriate fragment of CORBA IDL. A similar
“elaboration” process gives the required semantics for the IDL from the descriptions following the templates and the
specifications given earlier in 9.3, “Computational Semantics for the IDL Mapping,” on page 165.

NOTE: The Template approach used here is a notational convenience, not a required or suggested implementation strategy.
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The following table is a guide to interpreting the IDL generation templates.

Appear ance (by example)

M eaning

typedef The literal characters in bold font should be generated.

<AttributgType FhecharactersshoutcHbesubstituted-forthedescribed-dentifrergsing | dentifier
Format 1. The <> do not appear in the generated IDL.

<attributg name> The characters should be substituted for the described identifier using the
Identifier Format 2. The <> do not appear in the generated IDL.

<CONSTANT_NAME> The characters should be substituted for the desctibed identifier psing the
Identifier Format 3. The <> do not appear in-the generated IDL.

<CONSTANTVALUE> The characters should be substituted for.the described identifier without
formatting (i.e., asis). Typically, these aie literal values. The <>|do not appear
in the generated IDL.

<<XYZ TEMPLATE>> Apply the named template. The'<<>> do not appear in the genefated IDL.

some phrgse, ... The ellipsis characters . .5" following the “,” indicate that this generates a
comma separated list of “some phrase.” It isimplicit that there i$ no comma at
the end of the list.

[ some phrase ] The square bracket-characters “[]” surrounding a phrase in a template indicate
that the phrase may or may not be required, depending on context.

/I for eachl parameter Gives thetules on when and how to perform the IDL generation, or some

generalycommentary on the process. The rules themselves do nof appear in the

generated IDL.

982 P

This sub cl
Package M

The Packag
Constants,

ackage Module Template

huse describes the rulés for mapping a MOF Package object to a CORBA IDL module as expr
bdule Template,

e Module Template generates a CORBA IDL module that contains the IDL for each of the M
DataTypes,-Exceptions, Constraints, Imports, Classes, and Associations in an M2-level Packag

essed in the

D-level
e. It also

contains the IDICfor the M 1-level Package and Package Factory interfaces, and type declarations for varipus collection
types. Mos| ofthis is defined in subsidiary templates. IDL generation is suppressed if the Package “visibility” is not
“public_vis™®

Template

<<ANNOTATION TEMPLATE>>

// 1f this Package has visibility of private or protected, no IDL is

// generated for it

module <PackageNames> {

// 1f this Package has an idl_version Tag

#ipragma version <PackageName> <versions>

© ISO/IEC 2005 - All rights reserved 203



https://iecnorm.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

interface

// for ea
<<CLASS F

<PackageName>Package; // forward declaration

ch Class contained in the Package

ORWARD DECLARATION TEMPLATE>>

// for eg
// and Cd
<<PACKAGH
<<DATATYH
<<EXCEPT]]
<<CLASS T

TirPackage, Datalype, EXCeption, Ctlass, ASSOCIatIon, ConsStraint;
nstant contained by the Package, generate the appropriate IDL
MODULE TEMPLATE>>

E TEMPLATE>>

ON TEMPLATE>>

EMPLATE>>

<<ASSOC:jTION TEMPLATE>>

<<CONST
<<CONSTAN

// Generg
<<PACKAGH

// Geners3
<<PACKAGH

}i: // end

Descriptig

The Packag
Annotation
<PackageN

The templa|
interface, g
for al M2-|
Declaration

INT TEMPLATE>>
T TEMPLATE>>

te the Package Factory interface

FACTORY TEMPLATE>>

te the Package interface

TEMPLATE>>

of module <PackageName>

n

e Module Template starts by-“rendering the M2-level Package's “annotation” attribute as a conj
Template. This is followed by the IDL module header for the Package's module. The module
ame>.

e generates forward declarations for some IDL interfaces. First, it forward declares the M1-l¢

ment using the
nameis

vel Package

ving it thegame < PackageName>Package. Then, it forward declares the Class proxy and Insfance interfaces

evel Classes in the current M2-level Package's “ contents” using the template defined in 9.8.5,
Template,” on page 209.

Class Forward

Next, IDL must’be generated for the current M2-level Package's “contents’ as follows:

» For nested Packages, use the template defined in 9.8.2, “Package Module Template,” on page 203.

» For Classes, use the template defined in 9.8.6, “ Class Template,” on page 209.

» For Associations, use the template defined in 9.8.10, “ Association Template,” on page 214.

» For Constants, use the template defined in 9.8.13, “Operation Template,” on page 240.

» For Exceptions, use the template defined in 9.8.14, “ Exception Template,” on page 242.

« For DataTypes, use the template defined in 9.8.15, “ DataType Template,” on page 243.
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Constraints, use the template defined in 9.8.16, “ Constraint Template,” on page 245.

The IDL for the contained Model Elements must be generated in an order that reflects their dependencies. For example,

the IDL for

a DataType should appear before the IDL for other Model Elements that use it.

Finally, the Package Module Template generates the Package Factory and Package interfaces for the current M2-level
Package using the templates respectively defined in 9.8.3, “Package Factory Template,” on page 205 and 9.8.4, “Package

Template,” on page 206.
9.8.3 Ppckage Factory Template
The Package Factory Template defines the IDL generation rules for the Package Factory interfagce; 'see 9.2.1.1, “Package
objects and| Package Factory objects,” on page 162 and 9.2.2, “The Meta Object Interface Hierarchy,” on|page 163.
A Package [Factory interface is generated for top-level M2 Packages only. The interface is named
<PackageName>PackageFactory and it contains a single “factory” operation, as described below.
Template
// 1f thg this Package is top-level
interfacq <PackageName>PackageFactory
{
// 1f thils Package has an idl_version Tag
#ipragma Version <PackageName>PackageFactory <veksion>
<PackageName>Package create <package namex\package (
// for each non-derived class-levelMttribute of any directly or
// inflirectly contained Class within this Package and its closure

// un
in <A

<q|
)

raises (K

}:

IDL Super

none

Her Package generalizatiom—and clustering.
FtributeTypes> [<CollectionKind>]

ualified attribute names,

eflective: :MofError) ;

types

Operation

S

create_<package_name>_package

Package.

The “create_<package name>_ package’ operation creates a new Package object that is an instance of this M2-level

reflective analog: none
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return type: <PackageName>Package

parameters:; <qualified_attribute_name> :
in <AttributeType>[<CollectionKind>],

exceptions: MofError (Overflow, Underflow, Duplicate)

The paramgiers Tor - creale_<package _name>_package give the initi j er-scoped

Attributes flor all Classes that belong to this M2-level Package's extent.

As Attribut
relative to

in different Classes can have the same name, the parameter name <qualified_attribute name> is qualified
he Package (e.g., “classl _attributel”).

When the Attribute multiplicity is not [1..1], the <AttributeType> has an appropriate CollectionKind suffiq appended; see
9.7.1.5, “Literal String Values,” on page 200.

The paramgters are declared in a sequence defined by a recursive depth-first traversal of the Package's anfestors clusters
and componments, visiting a Package's supertypes before its contents. The following ordering rules apply:

1. A Package's supertype Packages are processed before the “ contents™ of the Package.
2. The supertype Packages are processed in the order defined hythe* Generalizes” association.

3. Clgsses, Imports (with “isClustered” set to true) and nested.Packages within a Package are processed in the order of
thg “ Contains” association.

A Class's superclasses are processed before the “¢ontents” of the Class.
Arly Class superclasses are processed in the.@rder of the “ Generalizes’ association.
Ar| Import with “isClustered” set to true.is processed by processing the clustered Package.

Atfributes within a Class are processed in the order of the “ Contains” association.

o N o g »

Wipen an Attribute is encountered that has already been encountered during the traversal, generation pf another
inifialization parameter iSsuppressed.

The MofErfor exception can‘be raised if there is a Structural, Constraint, or Semantic error. In particular,|* Overflow,”
“Underflow},” and “Duplieate” occur if an Attribute initialization parameter does not conform to the respective Attribute's
multiplicity] specification.

9.8.4 Ppckage Template

The Package Factory Template defines the IDL generation rules for the Package interface; see 9.2.1.1, “Package objects
and Package Factory objects,” on page 162 and 9.2.2, “The Meta Object Interface Hierarchy,” on page 163.

A Package interface is named <PackageName>Package and it contains read-only IDL attributes giving the dependent
Package, Association, and Class proxy objects for a Package object.

Template
interface <PackageName>Package :

// 1f Package has no super-Packages
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Reflective::RefPackage

// else for each public super-Package (in order)
<SuperbPackage>Package,

// 1f Package has a "“Package Supertypes” Tag

// for each supertype defined by the Tag (in order)
, <PackageSupertypeName>,

// if|this Package has an idl_version Tag

#ipragpa version <PackageName>Package <versions>

// for each Package for an Import where:

// is_clustered == true and

// Import.visibility == public and

// importedNamespace.visibility == public

readonly attribute <ClusteredPackageName>Package
<cllustered package name> ref;

// for each public contained Package

readonly attribute <NestedPackageName>Package

<nested package name>_ ref;

// for each public contained Class

readonly attribute <ClassName>Class <class name> ref;

// for each public contained Association

readonly attribute <AssociationName> <association name> ref;

}:

Supertypes

If the M2-level Package inheritsfrom other M2-level Packages with “visibility” of “public_vis,” the Package interface
inherits from the interfaces cofresponding super-Packages. Otherwise, the Package interface inherits from
Reflective:| RefPackage.

If the M2-l¢vel Package'has a “ Package Supertypes’ Tag (see 9.6.3, “Tags for Specifying IDL Inheritance,[ on page 196),
the generated Package/interface also inherits from the IDL interfaces specified by the Tag.

Attributeg

clustered_package_name>_ref

An attribute of this form is generated for each public clustered Package of the current M2-level Package. The attribute is
generated if and only if:

1. thelmport’s“isClustered” flagistrue,
2. thelmport’'s“visibility” is“public_vis,”

3. thelmport’s“importedNamespace’ is a Package, and
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4. the clustered Package has “visihility” of “public_vis.”

The attribute holds the object reference for the M1-level Package's M1-level clustered Package object.

reflective analog: ref_package ref(<clustered_package designator>);
10.2.5, “Reflective::RefPackage (abstract),” on page 269.

type: <ClusteredPackageName>Package

multiplicity: exactly one

changeable: no

<nested_package_name>_ref

An attribut¢ of this form is generated for each nested Package in the current M2-level Package whose “vilsibility” is
“public_vig” The attribute holds the object reference for the M1-level Package's M 1¢level nested Package object.

reflective analog: ref_package ref(<nested package designator>);
10.2.5, “Reflective::RefPackage (abstract),” on page 269.
type: <NestedPackageName>Package
multiplicity: exactly one
changeable: no

<class_name>_ref

An attribut¢ of this form is generated for each Class;inthe current Package whose “visibility” is “public_vis.” The
attribute holds the object reference for the M1-level Package's M1-level Class Proxy object.

reflective analog: ref_class ref(<class_designator>)
type: <ClassName>Class

multiplicity: exactly one

changeable: no

<association_name> ¢ef

An attribut¢ of thisform is generated for each Association in the current Package whose “visibility” is “public_vis.” The
attribute h% ds,thejobject reference for the M1-level Package’'s M1-level Association object.
reflective analog: ref_package ref(<association_designator>);
type: <AssociationName>
multiplicity: exactly one
changeable: no
Operations
none
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9.8.5 Class Forward Declaration Template

The Class Forward Declaration Template defines the IDL generation rules for the forward interface declarations for an
M2-level Class whose “visihility” is“public_vis.” It also produces any Class collection type declarations required by the
IDL of the containing Package(s).

Template

// 1f thd Class has visibility OI DIrotected or private, 1o IDL

// 1s generated.

interfacqd <ClassName>Class;

interfacq <ClassName>;

typedef sequence < <ClassName> > <ClassName>Set;
/A if this Class has an idl_version Tag

#gragma version <ClassName>Set <versions>

typedef dequence < <ClassName> > <ClassName>Bag;
/A if this Class has an idl_version Tag

#gragma version <ClassName>Bag <version

typedef dequence < <ClassName> > <ClassName>List;
/A if this Class has an idl_version Tag

#gragma version <ClassNamesList <versions>

typedef dequence < <ClassName>->\<ClassName>UList;
/A if this Class has an idl_version Tag

#gragma version <ClassName>UList <versions>

Descriptign

The Class FForward Deelaration Template generates a forward declaration for the Instance and Class proxy interfaces for
an M2-levd Class. These have IDL identifiers <ClassName> and < ClassName> Class respectively. The gynthesized
collection type degclarations for the Class follow the forward declarations.

9.8.6 Class Template

The Class Template defines the IDL generation rules for an M2-level Class whose “visibility” is“public_vis.” TheIDL is
generated within the module for the Class's containing Package and consists of a comment followed by the complete
Classes Class Proxy and Instance interfaces.

Template
// 1f the Class has visibility of protected or private, no IDL

// 1s generated
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<<ANNOTATION TEMPLATE>>
<<CLASS PROXY TEMPLATE>>
<<INSTANCE TEMPLATE>>

Description
See 9.8.7, “Class Proxy Template,” on page 210 and 9.8.6, “Class Template,” on page 209.

9.8.7 Class Proxy Template

The Class Proxy Template defines the IDL generation rules for the <ClassName> Class interface for an M2-level Class
whose “visibility” is“public_vis.” Thisinterface has operations for any classifier-scoped Attributes and Operations, along
with a fact@ry operation and IDL attributes that give access to the extant Instance objectst'also containg IDL

declarations corresponding to any DataTypes, Exceptions, Constants, and Constraints in the' M 2-level Class.

Template

interfacqd <ClassName>Class
// 1f|Class has no super-Classes
Refle¢tive: :RefObject
// elge for each super-Class
<SuperClass>Class,
// 1if|Class has a "“Class Proxy Supertypes” Tayg
// for each supertype defined by theNTag (in order)
, <ClassProxySupertypeName>, ... {
// 1iff this Class has an idl_version\Tag

#ipragma version <ClassName>Class <versions>

// all <ClassName> including* subclasses of <ClassName>

readonly attribute <ClassName>Set all of type <class names;
// if|the Class is ‘not abstract
// all <ClassName> excluding subclasses of <ClassName>

readonly attribute <ClassName>Set all of class <class names;

// forseach Constant, DataType, Exception, Constraint,

// classifier-scoped Attribute and classifier-scoped Operation
// in the Class, generate the appropriate IDL

<<DATATYPE TEMPLATE>>

<<CONSTRAINT TEMPLATE>>

<<CONSTANT TEMPLATE>>

<<EXCEPTION TEMPLATE>>

<<ATTRIBUTE TEMPLATE>> // public classifier-level only
<<OPERATION TEMPLATE>> // public classifier-level only
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the Class 1is not abstract

<<CLASS CREATE TEMPLATE>>

}: // end of interface <ClassName>Class

Supertyp

S

If the M2-level Class inherits from other M2-level Classes, the generated Class Proxy interface inhegits ¥

correspondi
Reflective:

ng supertype Class Proxy interfaces. Otherwise, the Class Proxy interface inherits from
RefObject.

om the

If the M2-level Class has a“Class Proxy Supertypes’ Tag (see 9.6.3, “Tags for Specifying/DL Inheritan¢e,” on page

196), the g¢nerated Class Proxy interface also inherits from the IDL interfaces specified'by the Tag.

Attributes

all_of _clas
The “al_of

5_<class_name>

| class <class name>" attribute gives all Instance objects in theycurrent extent for the correspo

nding M2-level

Class. The pttribute is only generated if “isAbstract” is false for the Class.
reflective gnalog: ref_all_objects(<class designator>, false)
type: <ClassName> (multiplicity>zero or more, unique, hon ordered)
multiplicity: exactly one
changeablie: no

The value ¢f this attribute mirrors the definition of Instance object lifetimes; see 9.3.4.2, “Instance object

lifecycle

semantics,”[ on page 171. It does not include any deleted Instance objects.
all_of typdg <class_name>
The “all_of| type <class name>") attribute gives all Instance objects in the current extent for the corresponding M2-level
Class or for any M2-level subClasses.
reflective pnalog: ref_all_objects(<class _designator>, true)
type: <ClassName> (multiplicity zero or more, unique, non ordered)
multiplicity: exactly one
changeable: no

The value of this attribute mirrors the definition of Instance object lifetimes; see 9.3.4.2, “Instance object lifecycle

semantics,”

Operation

on page 171. It does not include any deleted Instance objects.

S

The operations for a <ClassName>Class interface are produced by the Attribute, Operation, and Class Create Templates.
Note that the operations for the M2-level Classes instance-scoped features do not appear in this interface.
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9.8.8 Instance Template
The Instance Template defines the IDL generation rules for the <ClassName> interface for an M2-level Class whose

“visibility” is “public_vis.” This interface contains operations for the M2-level Classes instance-scoped Attributes and
Operations, along with any References.

Template

interfacd <ClassName> :
// (The Instance interface inherits the Class Proxy interface
// for the Class and Instance interfaces for any super-Classes)
<Clas$Name>Class
// for each super-Class of this Class (in order)
, <SuperClassNames,
// if|Class has an “Instance Supertypes” Tag
// for each supertype defined by the Tag (in order)
, <IngtanceSupertypeName>, ... {
// iff this Class has an idl version Tag

#pragma version <ClassName> <version>

// for each Attribute, Reference, Operation *Centained in
// this Class, generate the appropriate IDL

<<ATTRIBUTE TEMPLATE>> // public instance-level only
<<REFERENCE TEMPLATE>> // public only

<<OPERATION TEMPLATE>> // public (instance-level only

}; // end of interface <ClassName>

Supertypes
The Instande interface for an M2-level Class inherits from the Class's Class Proxy interface, along with the Instance
interfaces for all of its M2:level super-Classes.

If the M2-lgvel Class has an “Instance Supertypes’ Tag (see 9.6.3, “Tags for Specifying IDL Inheritance,| on page 196),
the generat¢d Instance interface also inherits from the IDL interfaces specified by the Tag.

Attribute
none

Operations

The operations for an Instance interface are generated by the Attribute, Reference, and Operation Templates. Note that the
operations for instance-scoped Attributes and Operations only appear here.
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9.8.9 Class Create Template

The Class Create Template defines the IDL generation rules for the Instance factory operation for a non-abstract M 2-level
Class whose “visibility” is “public_vis.”

Template

<ClassName> create <class name> (

// for each non-derived direct or inherited attribute
in <AgtributeType>[<CollectionKind>] <attribute names,
)

raises (Heflective::MofError);

[

Operation

create_<class_name>

The “creatg <class hame>" operation creates new Instance objects for the M2-<[evel Class (i.e., instances|of the Class's
<ClassName> interface).

reflective gnalog: ref_create_instance(<class_designator>, <attr_name>,...)

return type: <ClassName>

parameteris: in <Attr TypeName>[ <Ceol lectionType>] <attr_name>, ...

exceptiong: MofError (Overflow,"Underflow, Duplicate, Composition Closure, Supertype
Closure, Already>Created)

The paraméters to “create_<class name>" provide initial values for the M2-level Class's non-derived attrjbutes.
Parameter dleclarations are generated in an-order defined by a recursive depth-first traversal of the inheritBnce graph.
More precigely:

1. A Classes super-Classes are processed before the Classes’ Attributes.

2. Super-Classes are processed in the order of the “Generalizes’ association.

3. The Attributesefieach Class or super-Class are processed in the order of the “ Contains’ association.
4

When an Attribute is encountered with a*“ scope” value of “classifier_level” or an “isDerived” value pf true no
pafameter,is generated.

5. Whenan Attribute is encountered a second or sl |hepry lent time_no additional parameter is gmprntpd

When an Attribute has multiplicity bounds other than [1..1], the type of the corresponding initial value parameter’s type
will be a collection type; see 9.7.1.5, “Literal String Values,” on page 200.

“Overflow,” “Underflow,” and “Duplicate” occur if an argument that gives the initial value for an Attribute does not
match the Attribute’s multiplicity specification.

“Composition Closure” occurs if the initial value for a “composite’ Attribute contains an Instance object in another
extent; see 8.11.2, “The Composition Closure Rule,” on page 155.
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“Supertype Closure” occurs if the extent for the current object cannot create Instance objects for this super-Class; see
9.3.11, “The Supertype Closure Rule,” on page 182.

“Already Created” occurs if the M2-level Class has “isSingleton” set to true, and this object’s extent already includes an
Instance object for the Class.

9.8.10 Association Template

The Associftion Template defines the generation rules for the Association interface corresponding to an-M2-level
Associatior] whose “visibility” is “public_vis.” This interface contains the IDL operations for accessing and updating the
Associatiorns M1-level link set. It also contains IDL declarations corresponding to any Constraints in the|M2-level
Associatior].

Template

// If thg Association has visibility of protected or private,

// no IDI is generated

// data fypes for Association <AssociationName>
struct <AssociationNames>Link {
<Asso¢iationEndlClassName> <associationendl naméz;
<Asso¢iationEnd2ClassName> <associationend2 ,names;
}:
// 1f this Association has an idl_version Tag
#fgragma version <AssociationNamesLink <versions
typedef dequence < <AssociationNames>Link >
<Asso¢iationName>LinkSet;
// 1f this Association has an id}Jversion Tag

#fgragma version <AssoclationName>LinkSet <version>
<<ANNOTATION TEMPLATE>j>
interfacd <AssociationName> : Reflective::RefAssociation

// if|Associdtion has an "“Association Supertypes” Tag

// fox each supertype defined by the Tag (in order)

, <AsgoclationSupertvpeName>, {

// if this Association has an idl version Tag

#pragma version <AssociationName> <versions

// for each Constraint in the Association, generate the IDL

<<CONSTRAINT TEMPLATE>>

// list of associated elements

<AssociationName>LinkSet all <association name> links ()
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raises (Reflective::MofError);

boolean exists (
in <AssociationEndlClass> <association endl name>,
in <AssociationEnd2Class> <association end2 namex)

raises (Reflective::MofError);
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// 1f asdociation endl is_navigable
<AssociaflionEndilClass>[<CollectionKind>] <association endl namex>
in <AgsociationEnd2Class> <association end2 namex)

raiseg (Reflective::MofError);

// 1f asdociation end2 is_navigable
<AssociatflionEnd2Class>[<CollectionKind>] <association end2 namep
in <AgsociationEndiClass> <association endl name>)

raiseg (Reflective::MofError);

// 1f asdociation _endl is_changeable
// and adsociation end2 is changeable
void add ((
in <AfsociationEndiClass> <association endl names,
in <AgsociationEnd2Class> <associati®n end2 name>)

raiseg (Reflective::MofError);

// 1f asdociation endl is_changé€able and is navigable
// and adsociation end2 is charigeable
// and adsociation endl has\‘upper > 1 and is ordered
void add |before <assogiation endl name> (
in <AgsociationEndiClass> <association endl names>,
in <Agsociatienknd2Class> <association end2 names>,
in <AgsociationEndlClass> before)

raiseg (Reflective::NotFound, Reflective::MofError);

// 1f association _endl is_changeable
// and association end2 is_changeable and is navigable
// and association end2 has upper > 1 and is_ordered
void add before <association end2 name> (
in <AssociationEndlClass> <association endl name>,
in <AssociationkEnd2Class> <association end2 names>,
in <AssociationkEnd2Class> before)

raises (Reflective::NotFound, Reflective::MofError);
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// 1f association endl is_navigable and is_changeable

void modify <association endl name> (

in <AssociationEndlClass> <association endl names,

in <AssociationEnd2Class> <association end2 names,

in <AssociationEndlClass> new <association endl name>)

raiseg—(RefiectiverTNotFourrd, ReflectiverTMofError)

// 1f ass

void modi

ociation end2 is navigable and is changeable

fy <association end2 name> (

in <AgsociationEndlClass> <association endl names,

in <A$
in <As$

raiseq

// 1if ass
// and as

sociationEnd2Class> <association end2 name>,
sociationEnd2Class> new <assoclation end2 name>)

(Reflective: :NotFound, Reflective::MofError);

ociation endl is changeable

sociation end2 is changeable

void remdgve (

in <Asg
in <A$

raiseq

Data Type

The Associ
The <Assol
declaration

Supertypsqg

sociationEndlClass> <association endl nameé,
sociationEnd2Class> <association end2 (names>)

(Reflective: :NotFound, Reflective::MofError);

14

iationName>L ink and <AssaciationName> L ink Set type declarations precede the Associatio

S

btion Template generates data type'declarations that are used to pass alink set for the M2-levgl Association.

interface

Every generated Associationinterface inherits from Reflective::RefAssociation. If the M2-level Associafion has an

“Associatign Supertypes®Tag (see 9.6.3, “Tags for Specifying IDL Inheritance,” on page 196), the general

interface a o inheritsfrom the IDL interfaces specified by the Tag.
Attributes

none

Operations

all_<association_name>_links
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The “all_<association_name>_|links” operation creates new Instance objects for the M2-level Class (i.e., instances of the

Class's <ClassName> interface).
reflective analog: ref_all_links()
return type: <AssociationName>L ink Set
parameters: none
query: yes
exceptiong: MofError()
The “all_<association_name>_links’ operation returns the current link set for this Association eXpressed

<AssociatignName>L ink Set type.

While the definitions in 8.9.2.1, “A Mathematical Model of Association State,” on page 150 state that an
Associatior] implies a partial ordering over the LinkSet, the result of the “all_<asso¢iation_name>_links’

defined to

The operat
signalled.

exists

The “existd’ operation queries whether alink currently existsbetween a given pair of Instance objectsin
level Assodiation extent.

l[)e a Set. A client should not draw any conclusions from the ordering of the returned links.

ion’s signature raises Reflective::MofError to allow Constrainterror and Semantic error cond

using the

ordered
operation is

tions to be

the current M 1-

reflective gnalog: ref_link_exists(

Link{<assoc_end1*name>, <assoc_end2_name>})
return type: boolean
parameteris: in <AssocEndl1ClassName> <assoc_endl name>

in <AssocEnd2ClassName> <assoc_end2 name>
query: yes
exceptiong: MofError (Invalid Object, Nil Object, Inaccessible Object)
The parameters to the-'exists’ operation are a pair of Instance values of the appropriate type for the Assqciation. Since

MOF link

“Invalid O
inaccessibl

<associati

el ationships are implicitly directional, the order of the parameters is significant.

liject,” “Nil Object,” and “Inaccessible Object” occurs if either of the parametersis a non—existient, nil, or

Lack

| e
Crrotanivtc UdjCut.

on_endl_name>
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The “<association_endl _name>" operation queries the Instance object or objects that are related to a particular Instance
object by alink in the current M1-level Association extent. When “isNavigable” is set to false for the AssociationEnd, the
“<association_endl name>" operation is suppressed.

reflective analog: ref_query(
<assoc_endl_designator>, <assoc_endl name>)

return type: <AssocEnd2ClassName>[ < CollectionType>]

parameter: in <AssocEndl1ClassName> <assoc_endl name>

query: yes

exceptiong; MofError (Invalid Object, Nil Object, Inaccessible Object, Undérflow)
The <assodation_endl_name> parameter is the Instance object from which the caller-wants to “navigate|” “Invalid
Object,” “Nil Object,” and “Inaccessible Object” occur when the parameter is a non-existent, nil object of inaccessible
Instance object.
The result fype of the operation depends on the multiplicity of <AssociationEnd2>. If it has bounds of [1].1], the result
type is the |nstance type corresponding to the AssociationEnd's “type.” Othierwise, it is a collection of the same Instance
type, as degcribed in “Literal String Values’ on page 200.
“Underflow” occurs when <AssociationEnd2> has bounds [0..1] or[1..1] and the Instance object given by the parameter
isnot relatgd in the current Association extent. It should not accur'in other cases where the result type is a follection type.
(If there is p multiplicity underflow, it is signalled by returning a collection value with too few elements as opposed to
raising an axception.)

The result ¢f the operation gives the object or collection of objects related to the parameter object by a L

this Associ
operation w
cases, the o
queried is g
<associatiq

This operat

add
The “add”

false for either of the M2-level Association’s AssociationEnd, the “add” operation is suppressed.

ption. If the multiplicity is [1..1], the result will be a non-nil object reference. If the multiplici
ill return a non-nil object reference.if there is a related object, and a nil object reference othel
peration will return a (possibly zero length) sequence of non-nil object references. If the associ
rdered, the order of the contents of the returned collection is significant.

n_end2_name>

pperation'creates a link in this Association between a pair of Instance objects. When “isChang

on is the equivalent-of “<association_end1l_name>,” with the “end1” and “end2” interchangegl.

nk or Linksin
y is[0..1], the
wise. In other
ption end being

eable” is set to

reflective analog: ref_add link(
Link{<assoc_endl_name>, <assoc_end2_name>})
return type: none
parameters: in <AssocEndl1ClassName> <assoc_endl name>
in <AssocEnd2ClassName> <assoc_end2 name>
exceptions: MofError (Invalid Object, Nil Object, Inaccessible Object, Overflow, Duplicate, Reference
Closure, Composition Closure, Composition Cycle)
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The two parameters to the “add” operation give the Instance objects at the two ends of the new link. “Invalid Object,”
“Nil Object,” and “Inaccessible Object” occur if either of the parameter values is a non-existent, nil or inaccessible
Instance object.

If one or other end of the Association has “isOrdered” set to true, the new link must be added so that it is the last member
of the projection for the ordered AssociationEnd. The operation must also preserve ordering of the existing members of
the ordered projection.

object to e
Association extent already contains the link whose creation is requested.

“Reference|Closure” occurs when either (or both) of the AssociationEnds has References, and the‘correspgnding Instance
object parameter does not belong to the same outermost Package extent as the Association-object; see 8.11.1, “The
Reference Closure Rule,” on page 153.

“Compositipn Closure” occurs when either AssociationEnd has “aggregation” set t6/,composite,” and either of the
Instance object parameters does not belong to the same outermost Package extent,as this Association objéct; see 8.11.2,
“The Comgosition Closure Rule,” on page 155.

“Compositipn Cycle” occurs when adding the new link would create a cy€le of composite / component rel gtionships such

that one of the Instance object parametersis a (ultimately) component-of. itself; see 8.10.2, “ Aggregation “domposite”,” on
page 153.

add_before_<association_end1l_name>

The “add_Kefore <association_endl _name>" operation.cfeates a link between a pair of Instance objects at a given place
in this Assqciation. This operation is only generated when “isChangeable” is true for both AssociationEnds, and when the
first AssocifationEnd is multi-valued, ordered, and;navigable.

reflective gnalog: ref_add link <before(
Link{<assoc_endl name>, <assoc_end2 name>},
<assoc-endl_designator>,
béfore);

(se210.2.4, “Reflective::RefAssociation (abstract),” on page 265).

return type: rnone
parameteris: in <AssocEnd1ClassName> <assoc_endl name>
in <AssocEnd2ClassName> <assoc_end2 name>
in <AssociationEnd1ClassName> before
exceptiong: NotFound, MofError (Invalid Object, Nil Object, Inaccessible Object, Overflow, Duplicate,

Reference Closure, Composition Closure, Composition Cycle)

The first two parameters to the “add_before <association_endl _name>" operation give the Instance objects at the two
ends of the new link. “Invalid Object,” “Nil Object,” and “Inaccessible Object” occur if either of the parameter values is
a non-existent, nil, or inaccessible Instance object.

The third parameter (“before”) gives an Instance object that determines the point at which the new link is inserted.
“Invalid Object,” “Nil Object,” and “Inaccessible Object” also apply to the “before” parameter value.

© ISO/IEC 2005 - All rights reserved 219


https://iecnorm.com/api/?name=866a81145861f2170bf796d4f51f7d91

ISO/IEC 19502:2005(E)

The “before” value should be present in the projection of the “<assoc_end2 name>" parameter value. If thisis so, the
insertion point for the new link is immediately before the “before” value, otherwise the “NotFound” error occurs.

“Overflow,
the “add” o

" “Duplicate,” “Reference Closure,
peration above.

add_before_<association_end2_name>

This operat

ionisthe =] livalent of “add bhefore <association endl name>" with the “end1” and “end2”

Composition Closure,” and “Composition Cycle” occur as described for

interchanged.

NOTE: The
“add_beforg

modify_<a

The “modif]

preconditions for generating the “add_before <association_endl name>" and
P <association_end2 _name>" operations are such that at most one of them may appear in-anvA sso

sociation_end1_name>

y_<association_endl name>" operation updates a link between a pair of Instance objects, rep

iation interface.

acing the

Instance at jAssociationEnd1 with a new Instance object. When AssociationEnd1 has#isChangeable” or “igNavigable” set
to false, this operation is suppressed.
reflective analog: ref_modify_link(
Link{<assoc_endl name>, <assoc_end2 hame>},
<assoc_endl designator>
new_<assoc_endl name>);
(see 10.2.4, “Reflective::Ref Association (abstract),” on page 265).
return typé: none
parameterf: in <AssocEndl1ClassName> <assoc_endl name>
in <AssocEnd2ClassName> <assoc_end2_name>
in <AssocEnd2ClassName> new_<assoc_endl name>
exceptiong; NotFound, MofError (Invalid Object, Nil Object, Inaccessible Object, Overflow,
Underflow, Duplicate, Reference Closure, Composition Closure, Compaositign Cycle)
The first two parameters to the “modify_<association_endl name>" operation should give the Instance opjects at the
ends of an existing link. “Invalid’Object,” “Nil Object,” and “Inaccessible Object” occur if either of the parameter values
are non-exiptent, nil, or inaccessible Instance objects. “NotFound” occurs if the link does not exist in the|current extent.
The third pprameter (“nlew_<assoc_endl_name>") gives the Instance object that is to replace the Instance at
AssociatiorEnd1 forthe selected link. “Invalid Object,” “Nil Object,” and “Inaccessible Object” also occprs if this
parameter’g vallie is a non-existent, nil, or inaccessible Instance object.
If the “<ass c—¢et |d1_| Yarme>—and- IeW—<aSSoc—¢€t |d1_| Yarne>" parameters g; ve-the-sametnstance ub] ectt is Operation is
required to have no effect on the Association’s link set.

NOTE: Thefollowing error conditions apply to the state of the M1-level Association after the completion of the operation, not
to any intermediate states.

“Underflow” occurs if completion of the operation would leave the M1-level Association in a state where

size (Projection(<assoc _endl name>)) less than <AssocEnd2>.lower

“Qverflow”
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occurs if completion of the operation would leave the M1-level Association in a state where
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size (Projection(new <assoc endl name>)) greater than
<AssocEnd2>.upper

Note that the “Underflow” condition for the “new_<assoc_endl_name>" Instance should be treated as a deferred
constraint.

“Duplicate” occurs if the operation would create a duplicate link in this M1-level Association extent. Similarly,
“Composition Cycle” occurs if the operation creates a link that (on completion of the operation) would make the
“<assoc_endZ_name>"or "new_<assoc_endl_name>" 0hjects COmponents of themselves.

“Reference|Closure” and “Composition Closure” occur if the operation would create alink that violatesthe corresponding
closure rulgs; see 8.11.1, “The Reference Closure Rule,” on page 153 and 8.11.2, “The Compositian Clogure Rule,” on
page 155.

« If either AssociationEnd has “isOrdered” set to true, this operation must preserve ordering of the remgining members
in the relevant projections of the ordered end.

In addition

« If AssociationEndl is ordered, the projection of “<assoc_end2_name>"must have “new_<assoc_end]l_name>" in the
position taken by “<assoc_endl name>.”

» |If AssociationEnd2 is ordered, the projection of “new_<assoc €ndl_name>" must have “<assoc_endq name>" asthe
last member.
modify_<agsociation_end2_name>

This operatjon is the equivalent of “modify <association endl_name>" with the “end1” and “end2” intechanged.

remove

The “remove” operation removes a link betweena pair of Instance objects in the current Association extent. When either
AssaciatiorlEnd or AssociationEnd2 has “isChangeable” set to false, the “remove” operation is suppressegl.

reflective pnalog: ref_remove_link(
Link{ <assoc_endl name>, <assoc_end2_name>});
(see 10.2.4, “Reflective::RefAssociation (abstract),” on page 265).

return type: none

parameteris: in <AssocEnd1ClassName> <assoc_endl name>
in <AssocEnd2ClassName> <assoc_end2_name>

exceptions: NotFound, MofError (Nil Object, Underflow)

The two parameters to this operation give the Instance objects at both ends of the link that is to be removed from the
current Association object’s link set. “Nil Object” occurs if either parameter value is a nil object reference.

“NotFound” occurs if the link to be deleted does not exist in the current Association extent.

NOTE: “Invalid Object” and “Inaccessible Object” does occur here. The “remove” operation needs to be capable of deleting
links that involve Instance objects that have been deleted or that are inaccessible. In the latter case, an implementation can
usually fall back on local comparison of object references. If that fails (e.g., because there are multiple references for an
Instance object), the implementation will typically be unable to distinguish the case from “NotFound.”
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“Underflow” occurs if deleting the link would cause the size of the projection of either the “<assoc_endl _name>" or

“<assoc_end2 _name>" parameter value to be less than the corresponding “lower” bound.

If either AssociationEndl1 or AssociationEnd2 has “isOrdered” set to true, the “remove” operation must preserve the

ordering of
9.8.11 A

The Attribu
Attribute T¢
interfaces,

« IDL

the remaining members of the corresponding projection.

ttribute Template

lepending on the Attribute’s “scope.”

confaining Class.

- |IDL|
Attr

The operati

bute’s containing Class, and are inherited by the Instance interface.

« singe-valued Attributes: multiplicity bounds are [1..1],

o opti

o« mul

Template
// 1f Att
// 1s ger
<<ANNOTAT

// 1f lou
<Attribut
raiseq

// 1if thi
#H

// 1f lou

bnal-valued Attributes: multiplicity bounds are [0..1],.and

i-valued Attributes: any other multiplicity.

ribute visibility is private Or protected no IDL
erated

ION TEMPLATE>>

er = 0 and upper 4% 1

eType> <attribuit&‘ name> ()
(Reflective::NotSet, Reflective::MofError);

s Attributechas an idl version Tag

ragma Version <attribute name> <versionx>

er{< 1 and upper = 1

te Template defines the generation rules for M2-level Attributes whose “visibility” is “publie|vis.” The
emplate declares operations to query and update the value of an Attribute. These operations-appear on different

operations for instance-scoped Attributes appear in the Instance (“<ClassName>"yinterface for the Attribute’s

operations for classifier-scoped Attributes appear in the Class Proxy (“<ClassName>Class”) interface for the

ons generated for an Attribute and their signatures depend heavily-on the Attribute’s properties. For the
purposes of| defining the generated IDL, Attribute multiplicities fall into three groups:

<AttributeType> <attribute name> ()

raises (Reflective::MofError);

// 1f this Attribute has an idl version Tag

#pragma version <attribute name> <version>

// 1f upper > 1

<AttributeType><CollectionKind> <attribute name> ()

raises (Reflective::MofError);
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// 1if this Attribute has an idl _version Tag

#pragma version <attribute name> <version>

// 1f upper = 1 and is_changeable
void set_<attribute name> (in <AttributeType> new_value)

raises (Reflective::MofError);

ISO/IEC 19502:2005(E)

// j.f th =] ALL_L_L.ZJL.ILC‘ l‘ldb all idl_v(:'_LbiUll 1dy

#gragma version set <attribute name> <versionx

// 1f upger > 1 and is_changeable

void set [<attribute name> (
in| <AttributeType><CollectionKind> new_ value)

raiseg (Reflective::MofError);
// 1if this Attribute has an idl version Tag

#gragma version set <attribute name> <versionx

// 1if lower = 0 and upper = 1 and i1s changeable
void unsdt_<attribute name> ()

raiseg (Reflective::MofError) ;
// 1f this Attribute has an idl version Tag

#gragma version unset <attribute namé> <versions

// if upger > 1 and is_changeable

void add [<attribute name> (in <AttributeType> new_element)
raiseg (Reflective::MofError)|;

// 1f this Attribute has an idl/ version Tag

#gragma version add \xattribute name> <versionx>

// 1if upger > 1 and %s.changeable and is_ordered
void add |[<attribufe~name> before (
in <AttributePype> new element,

in <AttpibuteType> before element)

raiseg (Reflective::NotFound, Reflective::MofError) ;

// 1if this Attribute has an idl version Tag

#pragma version add <attribute name> before <versionx

// 1f upper > 1 and is_changeable and is_ordered and not is_unigque
void add <attribute name> at (

in <AttributeType> new element,

in unsigned long position)

raises (Reflective::BadPosition, Reflective::MofError);
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